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BIOLOGICAL AND ECOLOGICAL RESPONSES TO IONIZING RADIATION

Background

A rigorous assessment of the biological and ecological effects of
a nuclear war would require more knowledge about the world than is now
available., Yet, once it is conceded that certain basic information about
nuclear weapon explosion phenomena, about the interaction between the
explosion phenomena and units of the biota, and about biological systems
is known, then it can be argued that this available information may be
outlined and assessed with respect to at least the major effects of
nuclear detonations on biological systems. Thus the purpose of the
following discussion is to outline some of the major biological and
ecological problems that could arise in a nuclear war, to summarize
briefly some of the information (or lack of information) that has been
found and reported regarding these problems, and to outline views and
methods of treating these problems. In this presentation, only a minor
fraction of the available and potentially useful data are included for
illustrating relevant facts and concepts relating to the problem under
discussion.

To focus the discussion on major effects and problems, some general
definitions are made. Under the subject of biological effects, the major
concern is on the direct effects of exposure to ionizing radiation of
temporal units of the biota; the latter include cells, tissues, organs,
organ systems, and organisms. Effects of thermal radiation and fire are
not considered in this presentation; and blast effects are not considered
as part of the longer term postattack biological effects. Under the sub-
Ject of ecological effects, the major concern is on the secondary effects
to functional units of the biosphere; the latter include populations,
communities, and ecosystems, The secondary effects, in contrast to direct
-~ffects, are disturbances and damage that may be caused by the direct
effects of explosion phenomena, but occur at a later time. Actually,
the functional units of the biosphere would be disturbed by the direct
effects of a nuclear attack but these disturbances generally would be
considered a sum of the effects on the temporal units; for clarification,
the ecological problems are separated from direct effect problems.

The characteristics of the biological functional units are closely
associated with the climatic and other environmental features of the
vart of the earth at which the units exist, Thus the distribution of
life over the earth attains familiar patterns in deserts, tundra, grass-
lands, and forests; areas in which human life predominates include farm-~
lands and cities. Biological units in all these different areas over
the earth usually have established integrated structure and function, a
metaboliism, and a capacity for repair of damage; units and areas that
have well-integrated functional systems are called 'ecosystems. Within
the context of this study, three types of ecosystems are identified:

(1) urban, (2) rural farmland, and (3) wild land. 1In this report, major
emphasis is given to the rural farmland ecosystems,
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In basic ccological studies (which are not the primary concern of
this report), much consideration is given to the sources ot energy on
which ecosystems operate. The energy comes from two sources: (1) the
sun and (2) fossi? fuels. The concept of a capacity for repalr of dam=~
age is always considered as a characteristic of any ecosystem. Those
ecosystems that repair themselves using only solar energy are called
homeostatic; these could include some wild land systems., The ecosystems
that are maintained by man, using stored energy sources, are called
nonhomeostatic; these include the rural farmlands and cities. However,
since the advent of large-scale conservation programs, man has tended
to increase his dominance over all the economically valuable ecosystems,
including the wild land systems.

Pronounced opinions regavding the long~term ecological effects after
a muclear war range all the wayv {rom the pessimistic view that the direct
damage of ecosystems would, in all cases, escalate toward the complete
destruction of the systems, to the optimistic view that the inhercnt
repair and recovery mechanisms available to ecosystems are sufficiently
strong and would eventually prevail. The imnortance of biological and
ecological damage from a nuclear war, in either case, centers on the
premise that the recovery pattern of the industrial economy and the
social institutions would be possible only if recovery of the biological
economy is possible. Following this notion, the extreme positions with
regard to biological recovery appear to be associated with divergent
notions about the nature and degree of the direct damage to the various
ecosystems as well as with divergent ideas about the repair and recovery
mechanisms available to the various ecosystems (with and without influ-
ence of man).

Throughout history, ecosystems have been disturbed or damaged by
fires, by floods, by predator invasion, and by many other means. Platt
reports a generalized view about the reaction of natural ecosystems to
damage from past experience: "It is a well=esiablished axiom in ecology
that nature will reestablish disturbed or destroyed natural areas by its
repair and recovery mechanisms. Equally well understood is that a great
deal of time is requited for these processes, the time heing a function
of the particular environment and the nature and severity of the distur=-
bance.' The degree of severity of disturbances in which repair and re=
covery of natural ecosystems have been etfflectively denied in past exper-
ience is usually associated with cases where the damage (or the effect
causing the damage) is chronic or where the soil on which some of the
ecosystem organisms grow is removed. Examples of these two cases are
the Copperhill section of southeastern Tennessee where all the vegetation
was destroyed because of the continuous release of sulfur dioxide fumes
during copper smelting operations during the first part of this century
(and the soil cubsequently removed by erosion), and the Negev Desert
where flourishing civilizations lived thousands of years ago when the
climate and the topsoil supported vegetative growth.

1

Thus perhaps the major features of the long—=term bijological and
ecological problems resnlting from a nuclear war, with respect tc¢ severity




of the disturbance and repair and recovery mechanismsg, ate (1) specifi-
cation of the acute and chronic damage phenomena, (2) extent of the
direct damage, (3) identification of repair and recovery mechanisms,
(4) damage leading to floods and soil erosion, (5) loss of economically
valuable resources, and (6) influence of man in ecosystem repair and
recovery processes, including the establishment of both preattack pre-
parations and postattack countermeasures.

In the tollowing paragraphs, these six featureos are generally dis-
cussed in terms of the source of injury or damage (direct and secondary),
the pattern of the damage and recovery phenomena, operational criteria
(human), and general ecological considerations. The tvpe of available
information applicable to each with respect to the role of man, animals,
plants, and insects is discussed.

Scurce of Radiological Injury or Damage

It is well known that, in a nuclear explosion, more than a hundred
radioactive fission-product nuclides and many additional neutron-induced
radionuclides are produced. This radioactive mixture initially consists
of radionuclides with radiocactivity decay half~life values that vary from
a fraction of a second to many years. Most of these radionuclides emit
both beta particles and gamma rays when they disintegrate, so that the
presence of these two types of ionizing radiation in the environment
would result in biological damage to living tissue, The presence of
these radionuclides in an ecosystem thus would constitute a source of
radiological hazard from fallout to ecosystem species. The major radio=
logical hazard to man from fallout is known to be the external gamma
radiation from deposited fallout; this fact requires special recognition
in both damage assessment studies and in civil defense planning.

Fallout particles from land~surface detonations, as nuclear radia<-
tion sources, consist almost entirely of fused, sintered, and unchanged
grains of soil minerals and cother materiale present at the pcint of deto-
nation.? Also vresent in the fallout particles are inert materials from
the weapon or warhead and radiocactive elements from fission and neutron
capture processes. Roughly, the relative amounts of soil minerals, bomb
construction materials, and radioactive elements in fallout particles
are, respectively, (1) 1 megaton of soil per megaton of total weapon
yield; (2) the order of 1 ton of warhead materials per megaton of total
weapon yield (but variable around this value): (3) about 0.06 ton (120
pounds) of fission products per megaton of fission yield (or 0.02 ton
per megaton of total weapon yield which is S50 percent fission); and
(4) about 0.05 to 0.1 ton of induced radicactive atoms per megaton of
total yield (the yield of induced radioactive atoms would increase as
the fraction of fission yield decreases).

Analyses of fallout particles from surface and near-surface detona=-
tions collected at weapons tests in both the Eniwetok Proving Ground and
the Nevada Test Site show that the radioactive elements are either within
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the interior of fused and sintered particles or attached to the exterior
layers of all three types of particles. It 1s known that larger fallout
particles are not formed by the condensation of vaporized soil; rather,
the larger fallout particles are individual 1 agglomerated particles

that were formed from elther single soil grains or a fused mass of liquid
s0il. These particles are drawn into the rising fireball and apparently
serve as collectors for small vapor—condensed particles and as condensa=
tion centers for vaporized fission=-product and radioactive neutron-induced
atoms.

It is generally believed that the fallout formation process does not
begin until the firebal)! temperature (or the temperature of the gaseous
material) has decreased to about 3,000°K, because at higher temperatures
all materials would tend to dissociate rather than condonse, As the
temperature decreases below about 3,000°K, vapor cohdensaticn processes
should take place resulting in the initial formation ol very gmall liquid
particles. Such small particles are observed in worldwide fallout collec-
tions; they also have been cbsarved as attached particles on unchanged
coral grains in the fallout materials collected from weapons tests at the
Eniwetok Proving Ground.

As the fireball rises and cools, and as the crater materials are
drawn up into the fireball volume, the thermal action at the surfaces
of entering (molten) particles should gradually change from a vaporiza=
tion process to a condensation process in which the less volatlile fission
products condense onto and diffuse into the liquid phase of the particles.
In addition, the larger molten soil particles, as they circulate through
the fireball volume, would rapidly form agglomerates with a large fraction
of the smaller (previously formed) vapor-condensed particles, Particles
that enter the fireball volume at later times nuy be heated to sintering
temperature or may be completely unalterad, thermally. When the temper-
ature of the surface of the particles becomes lower, the rate of diffu-
sion of the condensed radioactive atoms into the inteviovs of the parti-
cles should decrease so that the more volatile of the radioactive elements
that can condense oiily at lower temperaiures would collect, and be con-
centrated, on the exterior surface of the particles. Also, radioactive
daughter atoms (even if not volatile) formed at later times from volatile
parent nuclides (such as the rare gas elements) woutld be concentrated on
the exteriors of the smaller particles. The degree of solubility and
biological availabjlity of Sr-89, Sr-90, and Cs=137 strongly support
these views regarding the condensation process.

In general, two rather distinct periods, of fallout foimation by
condensation processes have been postulated.® In the first period, the
condensation of volatile radioelements is considered to occur by deposi~
tion onto and diffusion into large molten (so0il) particles and by agglom-
eration with smaller particles. The radioelements thus condensed would
become fused within the voluwmes of the molten particles when they cool
and solidify. In the second period, the remaining volatile radioelements
would then condense onto the surfaces of relatively cold solid particles
(most of which are late-entering grains of soil),.
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Becnuge of the differences in volatility among the various fission-
product elements, fractional condensation would be expected to occur
throughout the fallout formation process. The significant radiologicul
property assoclated witn the amount of a radicelement that condenses
during the second period of fomation is that the fraction condensed is
considered to be potentially soluble and biologically available for
assimilation by plants and animals. The more volatile radioelements in
fallout, in fact, have veen found to be most soluble and more biologically
available than are the refractory elements,  However. the fractioual
degree to which each element condenses in either period of condensation
is expected to depend very much upon the temperature at which diffusion
into the particle becomes limiting and the condensing radioelement is
councentrated in the surface layer of the particle.

If a1l the materials that were produced in a land=-surface nuclear
detonation and all that entered the fireball volume remained together for
the first 5 or 10 minutes after dctonation, the radioactive compositions
and the subsequent radioactive decay (and nuclide solubllity) would be
about the same for all fallout particles. However, it is known that all
the entering particles do not remain together in the tireball and cloud
for such periods of time. Immediately after the firecball expands to
maximum size, it begins to rise in the air. The upward motion ot the
hot gases sets in motion a large=scale toroidal circulation because of
the drag forces of the surrounding air. This toroidal motion, with cir-
culation velocitios in excess of 100 miles per hour, is probavly respon-
sible for pulling blast-loosened soil from the crater and cratexr lip into
the rising fireball.

The circulation of the particles in the toroid should result in an
earlier separation of the larger particles from the circulating volume(s)
of condensing gases and should, by centrifugal forces, move them to the
periphery of the toroid. When the circulating particles reach the peri-
phery (or the bottom) of the cloud and the pull of gravity begins to
exceed the upward drag forces of the air near the base of the rising
cloud, the particles begin falling to earth. Other particles of the
same size, not yet near the periphery of the totroid, may continue to
circulate for a much longer time before they leave the base of the cloud.
These views of particle circulation and formatlon are supported by (1) the
relatively long period over which particles of a given size arrive on the
ground, (2) the relatively early arrival times for close-in fallout,

(3) the variation in composition of the radioelements on particles of
different sizes, and (4) the variation in specific activity and radio-
element composition among particles of a given size.

The concentration of the volatile radioelements in the radioactive
compositions carried by the larger particles is generally found to be
low. This lower relative concentration could occur only through the
earlier ejection of the large particles from the volume of the fireball
containing the radioelements (vapors plus small vapor-condensed particles).
In addition, the large fallout particles from many low tower detonations
do not contain or carry any soluble radioelements, and, therefore, these

o
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particles must have been ejected when their surfaces were astill at a
very high temperature. Thus the toroidal motion is considered to be
partially responsible for the ohserved differences in the gross radio=
active decay and biological availability of different radioelements
carried by fallout particles with differont diameters.

The toroidal motion which apparently causes early ejection (early
with respect to fall from the stabilized cloud) of the larger particles
also can cause prolonged apparent buoyancy of the smaller particles,

The latter would circulate for longer times and, after cooling, would
remain in the volume to collect the more volatile elements on their
surfaces. Except for the fallout particles with diameters less than
about 50 to 80 microns, all appear to leave the cloud volume utder influ-
encoe of ¢irculation,.

OCbserved data on the properties of fallout from detonalions on
soils similar to those of likely targets in a nuclear war are nonexistent.
In fact, only a few detonations in both the Eniwetok Proving Ground and
Navada Test Site have provided useful data for the developmoent of fall=-
out models for land=-surface detonations. The large yleld devices were
all detonated over water, on coral atolls, or in the air, No evidence
existe today for proving that all types of informatien on fallout ob=
tained from these few weapons tests are satisfactory for use in develop=
ing reliable models that are designed to give quantitative estimates of
the properties of fallout (and its distribution) from assumed detonations
of high yleld weapons on targets in the continental United States. Per-
haps continued theoretical developments and concurrent supporting high
temperature experimental work are the only remalning methods for improv-
ing and evaluating the validity of some of the input data for currently
available fallout models,

The radionuclides in worldwide fallout are generally found to be
quite soluble, and all the radionuclides are, to a large degree, blo-
logically available., However, a fairly large number of fused~type par-
ticles are formed from the warhead or bomb materials as identified in
stratospheric collections of boub debris.3 A large fraction of the
worldwide fallout from a large-yield nuclear air explosion appears to
be formed in the stratosphere at some time aiter the detonation through
processes of coagulation and coprecipitation of the radioactive atoms
with the natural stratospheric serosol particles. The latter, composed
mainly of water-soluble ammounlwm sulfate compounds, then serve as carrieor
particles for returning the radioactive debris to earth,

In all types of d>tonation conditions, the form and properties of
the produced fallout are determined during the cooling period of the
fireball and cloud; as well as at later times for the decay products of
gaseous radioelec.ients and for many other radicelements in sirbursts that
produce the woridwide fallout. The materials that enter, or are in, the
fireball at these times are important factors in deteimining the proper-
ties of the fallout particles. These formation processes set the stage
for all subsequent radiological interactions between the fallout materials



and the biological and ecological enviromment in which the materials
are deposited,

One of the chief difficultles in the prediction or computation of
levels of fallout at a given location, in addition to the problems of
defining the fallout particle cloud source discussed above, is the analysis
and prediction of the wind structure as the major influence in distribut-
ing the fallout particles over the earth's surface., Other major factors
for which very little accurate data exist, especially tor fallout from
large yield detonations over silicate soils, include (1) the variation
of the specific activity with particle size and (2) the influence of the
environmental material (soils and other likely target materials) on the
gross particle-size distribution of the fallout (i.e., by particle num=~
ber, mass, or radioactivity content),

A comparison of several currently used fallout models (or fallout
pattern scaling systems) is shown by the relative areas within stated
fallout radiation rate contours in Table 1. The differences in the
areas enclosed by stated standard intensity contours among the various
computing systems for the two weapoh ylelds and wind conditions are
generally not small. Assumptions regarding the fraction of the gross
fallout activity on particles of a given diameter and the locations of
the particles in the initial cloug source are likely major causes of
the differences among the models.  The integrated activity in the fall-
out patterns within the 1 r/hr at 1 hr contour, for the two cases of
Table 1, gives the following values for the radiatiop rate conversion
factor (in r/hr at 1 hr per KI/sq mi):

Case A: WSEG-MM10 - 1,500
ENW - 1,460
Anderson = 1,580
SFSS - 1,430

Case B: WSEG-RM10 - 2,500
AFCIN - 800
WB -~ 2,000 (approximately)
WSEG-NAS - 2,400

For Case B, the theoretical value of the conversion factor for unfraction=-
ated fission products is 3,600, The parameters and data relating to

the evaluation of the conversion factor from measured quantities on the
fallout from Shot Small Boy in Operation SUN BEAM are discussed in Ref-
erence 8,

Four additional types of radiological hazards to biological species,
in addition to the more general external hazards from gamma radiation,
are known. These are (1) the contact hazard, (2) the inhalation hazard,
(3) the beta-field hazard, and (4) the internal hazard from ingested
radionuclides.




Table 1

RATIO OF AREAS WITHIN STATED STANDARD INTENSITY CONTOURS
FOR FALIOUT PATTERNS COMPUTED FROM VARIOUS MODELS
REIATIVE TO THOSE FROM THE WSEG-RM10 MOpEL?!

Model Designation _

ENW (1953)5
Anderson

Simple Fallout Scaling System>

AFCIN' ,
WB (1962 ENW)
WSEG=NAS?

Standard Intonsity

(r/hr at 1 hr)

Case A,

8.66
1. 40
0.67

Case D.

0.15

2,16
1.96

10 100 1,000

10-MT yiold, 15 mph wind
gpeed (100 percent fission)

1,86 0.70 0.62
1.4 1.00 0. 96
0.71 0,83 1.10

1-MT yield, 25 mph wind &peed,
0.2 knots/109=ft vertical
shear (100 percent fission)

0.18 . 26 0,57
1.18 0,67 0.40
1.36 0.87 0.60

a Standard intensities calculated from WSEG-RM10 Model were first
multiplied by 0.56 to account for terrain shielding and instrument
response for the l0-MT-yield weapon fallout pattern

b From Reference 4
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The contact hnzard (somotimes oalled the betn contact hazard) could
develop In situations whore fresh fallout particles remain in contact
with the =kin of hwnane, animals, inseccts, and plants for some parlod of
time. For humans, this type of exposure could be avoided ecasdily by wip-
Ing or brushing fallout particles {rom exposed skin, This hazard would
develop only during fallout deposition and shortly thereafter; al times
after attock longer thau severul days, the fallout particles would no
longer have the rvadioactive content necessary to cause sorious damage
to skin tissuer. Some data have been reported on the retontion of par-
ticles b{lhwnnna. ’ Some data have been obtained on skin doses to
animale; however, no reliable correlations of such data with fallout
depoaition levels have yet been made, although unverified relationships
betwecu the two have been proposed.l? No computations or experimental
measurements have been made of the contact dose to plants, although data
on the retention of fallout particles by the folan?g of many different
typos of plants have been obtuined und reported. ™’

The inhalation hazard is associated with the inhalatlon and doposi=
tion in the respiratory system of swall fallout particles of a narrow
size-range. All the available data on exposure of animals in fallout
arenas at weapons testa and in laboratories, on air filter zamples in
various fallout onvironments, and on fallout partlicle resuspension in
air glve negligible results for the inhalation hazard, Therefore, the
inhalation hazard i1s considered to be a minor one relative to other pos=
gible radiological hazards.

The beta=field hazard (somotimes called the 'beta-bath" hazard) could
occur in certain confined radiation source geometries for humans., The
beta~field hazard, however, would be expected to be severe for small
plants, small animals, and insects whose hahitats become covered with
the deposited fallout particles. In such geometries, the beta-to-gamma
ratio (i.e,, the rad-to-roentgen ratio) would gencrally be between 30
and 100 for fallout radiation compositions similar to those of past wea-
pons tests., No mathematical models on the Jeta-field hazard to small
plants and animals or insects have been reported, and none are known to
exist for use in damage assessment studles of pyclour war. lowever, some
related work o this hazard has been reoported. 4,14 The combined radio-
logical hazards, the external gamma, the contact, and the beva-field, for
plants, animals, and insccts should be considered in future research in-~
vestigations,

Contamination Phenomena

Certaln types of information on the coentamination of various kinds
of exposed onvirommental materials, objects, and biological materials are
needed in the description of a radiological environment. Some of these
types of information on contamination phenomena and their velative avail-
ability aro summarized bhelow.
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Strycture Contamination

Esgontially no datr are svailable on the contaminntjon of urban>-type
structures and urban geometries by renl lallout; some related data were

obtained in Costa Rica whore the rotention of volcanic particles on roofs
was observed. » 18

Tho influence of urban urea geometriea onh fallout deposition 18 not
woll known, However, from observations in Costa Rica, it 1s expected
that slopod toofs would not retain large particles for any long period
of time if they are deposited in a dry state when the surface wind speed
is more than 5 miles per hour, Under damp conditions and low wind speeds,
the retention would be expected to be relatively high. Eave troughs, the
lee zide of roof pviks, erovices iu the roof surface, and any roof areas

protected from wind are locations whove the depoaited particles would
tend to accumulato.

The ef fect of fallout deposition patternz (roof versus ground) on
building shielding factors 18 not known or generaliy considered in the
computation of radiation protection factors.

The effoct of natural procosses of roof decontamination, due to
wind and rain, on building shielding factors and the surrounding radiation
fields is not well known, quantitatively. For flat bullt-up roofsz of tayr
and gravel, however, the effect of moderate windzspeeds in accomplishing
1ro00f decontamination has been found to bo small.

Paved Avon Contamination

Essentially uno data are available on the decontamination of streects
and roads by rvain., However, it 1z expected that light rains would facil-
itato the leaching of soluble radionuclides from deposited fallout par=
ticles ahd the transport of theso radionuclides to pavement surfaces
where they could be chemisorbed; hoavy rains would be expected to wash

many {allaut paciicies from sloped surfaces, as was observed in Costa
) 6
Rica.

Winds, with speods in excess of 10 miles per hour, move particles

with diameters betweon about 100 und 300 microns more effectively than
they do other larger or smaller purtlc)os,ll

A fow data on the offect of wind erosion have been obguined.
tion fie , veductions of a factor of 2 have heen obgRerved,” In Costa
Rica, the wind and tratfic tended to move the volcanie particles to the

gutiervs along the streot or to the edge of parking lots where the parti-
cles accunula ted in the grass, weeds, or gravel,

Radia-
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;nuq Area and So1l Contaminalion

Fallout particles depoaited on open land arcas and on bare solls
are not found to be moved significantly by winds,

Larger fallout particles are not expected to be moved by ruin
except where the sotl fteelf is wnshed away, uwd in henvy vains; the
larger particles, after soveral years on undisturbed land, probably
never penctrato more than 1/4 to 1/2 inch into the soil. Soluble
radloolemsvuts that leach from the falleout purticles from land=~surface
detonationo or that are deposited as worldwide fallout from high alti-
tudi detonutions do ponetrate into the soll to some degree (see Table 2),

The average reduction in radiation intensity, owing to the surface

roughness of the terrain %g certain opent areas of the weapons test site
in Nevada, ls about .68, "

19
The rate of ponetration of Sr—~90 into sollg is reported Lo bg z=0
slow that no evidence waz found to show significant vortical movement of
the Sr-90 after initlal depozition over a period of 8 vears.

About 83 to 90 percent of Cs~=137 ;8 worldwide fallout is reported
to remain it tho top ¢ inches of soll.”

The shallow penetration of soluble nuclides into the upper lavers
of undisturbed soil is expected to redwe and dolay the assimilation of
radionuclides in deep-rooted perennial plants and their fruits,

Tto deposition of worldwide (and, perhaps, local) fallout in heavy
rain results in fractional runoff of soluble radionuclides. However,
the available data on this losa from land masses in drainage systems
are acarce; some reported data are shown in Table 3 for various environ=
mental conditions.

The radioelement, Cs=137, absorbs on 8cil much more strongly than
doas Sp-90.

Water Contamination

Analy9is of river waters and of the deposition of Sr~90 ia worid-
wide fallout for the Ohio River basin indicates that betweon 4 and 12
percent of the Sr-90 deposited in 1959 was carried into river wators.22
Obgerved concentrations of Sr~90 and Cs-137 from worlgwide fallout in
lake and river waters (up to about 1961) are rcportod‘d as beiug 0.1 to
1.0 picocuries per ltitor for Sr-90 and 0.05 to 0.2 plcocuries per ltiter
for Cs=-137, with a yleld ratio of 1.7, the concentrations of Cs~137 are
thus lower than those of Sr-90 by factors of 7 to 15,

Estimates of the yearly worldwide fallout deposit that eventually
finds 1ts way to the sea through runoff waters have been reported to be

il




Table 2

PENETRATION OF SR-90 IN NEW YORK AREA SOILS IN 1958"

12

Layer Fraction of Radioactivity in Soil Layer -
Depth Dark Loamy Yellow Yellow Pale Brown Pink

(inches) Gravel=Sand Coarse Sand Sandy Loam Siity Loam Sandy Ioam
0-1 0.33 3. 49 0.62 0.73 ¢.71
1-2 0.24 0.23 0.14 0.13 0.18
2-3 0.13 0.09 0. 06 0.06 0.05
3-4 0.16 Q.07 0.05 0,03 0.03
4-5 0. 05 0,05 0.03 0.02 0.01
5-6 0.01 0.04 0.02 0.00 0.01
6-12 0.03 0.04 0.04 0.01 0,00
12-18 0.03 0.03 0,02 0.01 0.01
18-24 0.02 0.02 0.02 0.01 0.00

Depth for

0.5 of Total

Activity

(inches) 1.7 1.0 0.7 0.3 0.5

a From Reference 19



Table 3

FRACTION OF SR-90 IN THE RUNOFF WATER FROM CROP LAND™

a From Reference 21
b Ground cover established before the measurements were started

13

Fraction of Deposited Fraction in the Runoff
Sr=90 in the Runoff Water per Water
Crop Runoff Water Inch of Rainfall (inches)
LaCrosse, Wisconsin; 16 percent slope;
March-August 1957; Fayvette silt loam
Corn 0.045 0.0020 0.93
Oat 0,041 0.0018 1.25
Clover 0.0035 0,00016 0.15
Tifton, Georgia: 3 percent slope;
March~December 1957; Tifton loamy sand
Corn 0.014 0.00034 1.32
OatP 0.0044 0.00011 0.37
Peanut 0.014 0.00035 1.20
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between 1 to 10 percent for Sr-90 and 2 to 6 percent for Cs=137. The

amount of local fallout in the runoff water would be expected to be less
than these percentages.

The ratio of Sr~90 concentrations in well water to those in surface
waters (from worldwide fallout) has been reported to be about 0.03.23.24
However, the supply of data is meager for this ratio: the ratio may be
snaccurate because the sources of the concentrations are not known,

The larger fallout particles in local fallout will fall to the
bottom of exposed water supplies, Small particles may be suspended;
the soluble nuclides would be expected to be dissolved initially into
the water, Very few data sre available on the contamination of real
water sources by local fallout.

No data are reported on the amount and rates of depletion of radio-
nuclides in fallout from water due to adscerption by bottom materials,
assimilation by aquatic plants, or dilution by rain,

Data on the movement of radionuclides in streams are extremely
scarce,

Plant Contamination

Some fragmentary data on the external and internal contamination of
plants by worldwide fallout are summarized in Reference 23, Available
data on the external contamination of plant foliage obtained at field
tests and in Costa Rica are summarized in References 9 and 10.

Animal Contamination

Cattie were contaminated withh fallout from Shot Trinity_ (1945) re-
sulting in an estimated skin dose of 39,000 rads in 2 weeks. Data on
other such events are not generally available.

No reliable method exists for estimating the degree of the contact
hazard for animals exposed to fallout during deposition.

Internal contamination data from worldwide fallout are illustrated
by the summaries in Tables 4 and 5.

A summary of some available data and the discussion of that data

in terms of animal assimilation model(s) are given in the second section
of this report. b

Human Contamination

The ceontamination of humans by fallout from nuclear explosions is
a possibility that often has been overemphasized in past civil defense

14
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DERIVED VALUES OF CONSTANTS A1 AND B
FOR WORLDWIDE FALLOUT SR-90 CONTAMINATION
OF MEAT, POULTRY, AND EGGS?®

Ob [¢)
A 3y
( atoms/gm ) ( atoms/gm )
Food atoms/sq ft-month atoms/sq ft
Beef and pork 2.8 X 10°° 0.31 x 1678
Poultry 5.9 x 1072 0.47 x 10°°
Eggs 4.3 x 1070 1.8 x 1078

a From Reference 23

b These values are six times the 6-month average values;
Aj was determined by taking Ai/Bl equal to 15 for beef
and pork and 20 for poultry, as based on the 6-month
ratio averages for many of the food sources of these
animals. The constants are for the relationship

o _ .0 . aON®
C1 (atoms/gm) = AiNi(t) . BiNi
where N, (t) is the average number of atoms/sq ft

deposited per month and N{ is the total number of
atoms/sq ft deposited up to July of the year.

15




Table &

SUMMARY OF DERIVED VALUES OF A AND B
FOR WORLDWIDE FALLOUT SR~90 AND CS-137 CONCENTRATIONS IN MILK

AS BY
i i
( atoms/liter ) (atoms/liter)
Reference atoms/sq,ft~mggEhi atoms/sq ft
Sr-90
USA selectionsZ® 0.12" 0.0037
USA selectious26 0.073 0.0032
New York>® 0.14 0.0022
San Francisc026 0.14 0,.0012
Average23 0.16 0.0034
Cs=137
Midwest USA26 0.42b ~0

a Six-month rate times six; see Table 4 for definition of Ag and Bg
b Assume Cs=137/Sr=-90 = 1.7
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and other weapons effects literature relative to the early~time external
gamna hazard. A small amount of data on the contamination of hnirb hands,
and clothes by airborne particles was obtained in Costa Rica."? 123

The major historical reference incident in which the effects of the
contact hazard were evidenced is the exposure of the Marshallese in
1954.27 1t 1s expected that this hazard would be much less severe in
western countries where the dress habits and personal hygilene nabits are
different.

No reliable method exists at the present time for estimating skin
contact hazards in various nuclear war conditions of fallout; the esti-
mating procedures for computing contact doses tfor fallout situations
suggested in Reference 12 are probably not suitable for fallout conditiens.

The data on the assimilation of radionuclides by humans are discussed
in all sections of this report; both the accwracy of the data and their
interpretation regarding consequences are subjects for further study,
research, and analysis.

The OR values (i.e., the ratio of the relative concentrations of
Sr-90 and Ca in tissue to that in the diet) for uptake of Sr=90 in humang3
from food source contamination by worldwide fallout have been evaluated.
The OR values are as follows! (1) 0.3 for whole body/diet; (2) 0.5 (0.44
to 0.54) for blood/diet; (3) 0.22 (0.16 to 0.29) for bone/diet; (4) 0.1
for milk/diet; and (5) 0.6 for fetus/mother.

Patterns of Damage and Recovery Phenomena

External Gamma Radiation

The delivery of the external gamma radiation exposure dose to bio=
logical species at given locations in 2 faliout field is generally in
the form of an acute or short-term damage phenomenon. For example, at
many locations in the country that would receive heavy fallout deposits
following a nuclear attack, about 70 percent of the exposure dose would
be delivered in 1 week, and over 80 percent would be delivered the first
month after the attack. In 1 year, the gamma radiation from the fission
products is about 6 X 10~5 of the standard intensity (r/hr at 1 hr); thus,
for very high fallout levels (order of 10° r/hr at 1 hr), the chronic
exposure dose rate would be between 1 and 6 r/hr at 1 year unless apprec=
iable decontamination by weathering or by humans occurred.

Although small areas of the country that received heavy fallout
deposits in an attack may have appreciable levels of chronic radiation
rates after a year's time, the major damaging effects on biological
systems would be caused by the high exposure dose delivered during the
first month or so after an attack. Therefore, in terms of an ecosystem

time=-scale, the injury is primarily the result of an acute assault rather
than a chronic one. However, this use of the term "acute' is not precisely

17




the same as 18 used for experimentally determined acute exposure dose
effects onh a single blological species. In the latter usage of the two
terms, the real pattern of the accumulation of external dose from fall=-
out radiation is neither acute nor chronic; further, in most experimental
evaluations, the biological response to chronic exposures is usually
determined for a constant exposure rate.

The usual pattern of dose delivery in oxperimontal evaluations of
biological responses to radiation exposures is not similar to the pat-
tern of dose delivery from radiation exposures in fallout. Because a
glven blological response is obtained in experiments from widely differ-
ing total exposure doses, depending on whether the pattern of delivery
is acute (very short) or chronic, the response data from these experi-
ments are not readily applicable to the pattern of dose delivery tfrom
fallout radiation. Because of these differences, many questions arise
about the application of currently available bilologicnl response to
exposure doses from fallout vadiation; although this difficulty has been
recognized for a long time, appropriate attention to it has not yet been
reflected in the data output of experimental programs. Experimenta.
biological response data for the exposure pattern from fallout radiation
are therefore still required for evaluating the radiological consequences

—from nuclear attacks.

Other areas of biological response to radiation exposures that need
experimental attention appear to be (1) biological response to variable
intermittent exposures; (2) biological functional responses (i.e., work
efficlency, general health, susceptibility to other diseases, etc,) to
long=term exposures to low~level radiation; and (3) increased efiorts
on basic experimental programs for determining and evaluating biological
repalr and recovery mechanisms. These general data needs apply to all
important biological species (humans, animals, plants, and insects),

The current state of knowledge on the short- and long-term effects
of radiation on humans has been summarized; »23 these subjects are not
discussed further in this report, The use of the effective residual
dose, ERD,12 in damage assessment studies is discussed below.

The radiation sensitivity of several higher vertebrate animals is
sunmmarized in Table 6 in terms of the LD 0 (50 percent deaths) in 30 days
for a brief exposure to gamma rays. Altgough it is assumed that the data
apply to a multilateral radiation source in which the whole body of the
animal is exposed to radiation, this exposure geometry is not specified
in the referenced reports. For unilateral or beam radiation sources. the
value of the LD53/30 days would be higher than for a large area source
of radiation, Also, the mean photon energy of the radiation sources used
to obtain the data is not specified; the data probably consist mainly of
results of experiments using Cs=-137 (0.7 Mev/photon) and Co=-60 (1.25
Mev/photon) sources.

When a biological response is expressed in terms of dose, such as
the LDSO’ and also in terms of the time required for the response to

18
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Table 6

RESPONSE OF ANIMALS ToO BRIEF EXPOSURES
IN EXTERNAL GAMMA RADIATION FIELDS

IN TERMS OF THE Lb, IN 30 pAYS®

LDSO/JO
Species (roentgens)
Dog 280
Guinea pig 340
Goat 3560
Mouse 140
Swine 510
Sheep 520
Cattle 540
Rat 640
Burro 650
Monkey 760
Rabbit 860
Poultry 900

From References 11, 28, 29, aad 30
the listed LD5p/30 values were used
in the calculations deseribed ip
Lthis report. Othep LD50/30 values,
differing from those listed by ns
much as a factor of 2, are reported
in References 93, 94, and 95. Some
of these are: dog, 319; sheep, 360;
burro, 375; swine, 390; rat, 936;
and mouse, 940. The basic causes of
these diffevences remain to be
clarified.

19
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occur ({.o0., LDgg in 30 days), the value of the dose 18 incressed for
an equivalent response in a shorter period. Thus tho value of an LbUsg
in 10 days is generally much larger than the value of an LD,O in 30 doys.
Also, 1f the exposure is at a lower dosc rate, the exposure dose giving
an indicated rosponse is largexr than for the brief, or acute, exposure
as mentioned above, For example, where the LDg, for the burro for a
single exposure is 780 roentgens, the value of the burro LD50 at a con~
gtant dose rate ot about 50 roentgens per day is 1,500 roontgens: ftov
the pig, the two LDpO values are 610 roontgens per exposure and 8,500
roentgens at 50 roentgens per day, respectively.

Mortality=exposure dose re¢lationships are ugually derived from blo-
logical response data using standard errot curves; the latter are then
used to determine the LDgH values (or other responses); the dose is
expressed either directly in roentgens or ag logarithmic units of the
dose, For most anjmals, the mortality-=dose distributions are very nar-
row:z thus the dose at which 100 percent mortality occurs is only a
relatively small increase in dose over the threshtold dose for mortality.
Thus, ic damage assessment studies, the lDg, for such species can be
used as a step function separating the survivors (including those receiv-
ing siokness doses) and those killed. Howaver, for the pattern of ex~
posure dose acowmulation for the gamma radistion from fallout mentioned
above, no reliakle guidance is available on the time 1limit (say, in excess
of 2 to 4 days) oh the computed exposure doses that can be used to make
reliable comparisons with the reported bilological response (such as the
uD ) for a brief dose. In addition, the extension of laboratory data
to operutlonal situations (even for animals) requives information about
variabilities in responses due to the differences in age, state of health,
and other such factors for application to a heterogeneous population.

The depondence of the LD.., and other biological responses of animals
during and after exposures to ?onizing radiations on the energy of the
radiation, rate of dose accumulation, time of exposure, and other factors
is reviewed in deiail by Trum; data arvée cited to illustrate the influ-
ence of type and quantity (i.e., energy) of radietion, total dosc, dose
rate, dose fractionation, relative biological effectiveness, animal
species, and animal age on the response (especially) of the mammalian
animals to radiation. Physiological factors are also involved in the
response but, as mentioned above, thelr nature and effect on the response
are not known.

A few 50 percent mortality values for brief exposures of fish and
shell animals are given in Table 7. Although 1t is unlikely that sea-
water fish would receive lethal doses from fallout in a nuclear war,
further analysis should be done to verify that lethal expos:wres to fresh-
water fish (or aquatlc animals that live on harbor or beact bottom) would
also be an unlikely occurrence.

A few data representing the mortality response of insects to gamma

radiation are given in Reterences 5, 14, and 31, For insects, it is
especially important that the radiosensitivity and response be known
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Table 7

LDg,/30~DAY DOSES FOR BRIEF EXPOSURES
OF FISH AND SHELL ANIMALSH

111)50/30 Days

Species (rads)
: Adult fish 1,000~ 2,000
Crustacean 800-100, 000
Moiluse 4,000-500, 000

a From Reference 11
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for thelr whole life cycle, so that the effect of expoature to nuclear
radiation on the whole population can be evalunted, With insects, this
requirenent {2 more important than for othar specles bLacause of the ra-
pidity of the reproductive process and of the extreme vangs in radiosen-
sitivity of some specles over thelr life cycle. Thus, for parts ot tais
sogment of the bilosphere, the "wcute" time pattern of tho radiation injury
(1.e., about 2 to 4 woeks) could be, in offect, similur to a chronie, or
long=tern, injury for other bilologleal species,

Tata on the response of insects to bheta radiation are nceded becnuse
0: tue proximity of many of the insect species in their habltaty on the
ground or on low vegetution whore the fallout particles would deposit,
Since rad«to-roentgen (at 3 feet above a plane gource of emitterva) ratios
of 10 to 100 are pogsible Cor the radistion source geometries In which
many ingevcts live and eat, thelir beta doses could be very large compared
with those for the larger animals., Although the beta particles would
hot ponotrate the shells of many lnsect species, not all insects are
completely surrounded with thick=shelled exteriors, and, even so, the
soft phoion and bremsstrablung inteonsities also would be increased many-
fold at close range from the fallout particles,

The reported biological response of insects, mainly for X rays, is
very limited in scope. It 1s quite likely, morcover, that the available
reported data are not applicable to gammn radiation from fallout; the
reported data, as mentioned above, are doefinitely not applicable to those
specles where the combined beta-gamna radiation should be considered. No
biological response data appear to be available on tho radiosensitivity
of several important ubiquitous insects. Research on the biological
response to radiation for these units of the blosystem are needed to
evaluate the role of insects in the postattack repair and recovery of
rural and wild land e¢cosystems.

The response of plants to nuclear radiations (especially external N
gamma radiation), called radioscasitivity, is manifested in several waye;.“‘2
These include (1) genctic effects that may be recognized only in subse=~
quent generations, (2) inhibition (and, occasionally, stimulation) of
growth, (3) reduction of reproductive capabllity. and (4) death. That
1s, lonizing radiation of appropriate exaposure doses and exposure patterns
can increase, slow down, stop, or alter the subsequent patterns of plant
growth  Some ot the apeciflic known factors involved include (1) the
exposure schedule (acute, chronic, or fractionated), (2) the pl~nt part
exposed and the geometry of exposure, (3) the plant species, (4) the
stage of plant developmont. (5) the phvsiological condition of the plant,
and (6) the climate and other envirommental conditions (soil, fertility,
etc, ),

Neodless to say, very little quantitative data on the basic relation=
ships among these six tactors on plant radiosensitivity have been studied
and reported. Sufficient data are available for identifying the more
radlosensitive plant speciles and the characteristics of zach that influ=-
ence 1its response to radiation.
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Some of the cuully obgervable blological reasponses of prant parts
(all parts exhibit vesponse) are: (1) roots=-reduction of growth and
inhibitton of new root formation; (2) stemse=dwarfing, excesslve beanch-
ing, ltocal aswelling, faaclation, formatlon of adventitious roeots, and
tumor growth; (3) leaves--reduced blade development, dwarfing (asymmetrical
blades), abnoyial velhation, docreadge in chlerophyll (discoleration), and
change in texture (older leaves become dry, brittle, and coarse and young
leaves thickon and become leathory):; and (4) buds and {lowers-=retarded
formatien, reversion to vegetative growth, fasciation, and changes in
color and form,

Notable changes in plant growth habits after exposure to critical
dosus of radiation idnclude the early dropping of leaves (deciduous trees)
and the retardation of bud and new~shoot formation. The reduction in
reproductlive capability after exposure is related to the vifect on vego-
tative growth (plant vigor), the retardation of flowering, and the direct
damage to the parts of the cells that participate in the reproductive
cycles of the planté.*® Tho extreme combinntion of all the various rad-
fation damage manifestations results in death of the plant,

The relative radloscnsitivity of plants ranges over a f{actov of at
leagt 5,000 from algae and bacteria, which are the most resistant or
least affected by radiation, to the gymnosperms. which are among the
most radiosensitive of the plants. Amonhg the higher plants, the range
in chronic, or protracted, doses to produce a similar biologlcal rosponse
is the order of n factor of 500.

The reduction of vegetative growth ol plants after exposure to
nuclear radiation is apparently caused mainly by a roduced rate of cell
division; since reduced growth is usually the fivst gross observed effect
of the exposure, it jsggollcved that the apical meristem regions are
highly radiosensitivg,’ The radiosensitivity of young growing plants
is probably highest, Growth retardation appears to have a threshold
dose; much of the plant growth retardation data can be represented by
a function of the form

i
¢
i
i
|
H

G =G exp ['kn(” - l)o)J )

where G is the growth characteristic tor ah exposure dose of D roentgens,
G, 1s the charactoristic for the controls (zero dose), [% is the threshold
dose, and kD is a growth rectardation coefficient. Sowe values of kD and

: D, for different plant species, as derived from revorted data, are shown

i in Table 8.

Basic relationships between plant cell nucleus characteristics and
radiosensitivity recently have been derived by Sparrow and Woodwell™“
from correlations between these characteristics and data on the response
of plants to external ganma radiation. The cell nucleus variables include
(1) cell nucleus or chromosome voelume, (2) cell nucleus DNA content,
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Table 8

ESTIMATED PLANT RETARDATION THRESHOLDS
AND GROWTH RETARDATION COEFFICIENTS a
FOR SOME PLANTS EXPOSED TO GAMMA (AND X) RADIATION®

Time of
kD -1 Do Total

Species Response (roentgens ") (roentgens) _Exposure
Pinus strobus -4

(seedlings) Loader length growth 4.6 X 10 810 15 months
Taxni: med. cv. o

ha;¥ieldli Number of growth buds 1.3 x 10 ° 850 12 months
Quercus alba Number of leaves 2.3 X 10-4 5,500b 6 months
Pinus regida Terminal growth - 360 6 months
Quercus alba Terminal growth - 1,800 6 months
Wheat c c

(seedlings) Growth - 250 acute dose

a From References 32, 33, 34, and 35

Cs=137 source; unmarked numbers ar

germination;

X=radiation

e for Co=60 source
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(3) chrorosome number and ploidy, and (4) other cytological characteristics
such as the number and position of centromeres in the chromosome and the
amount ana distribution of heterochromatin. These and other factors that
affect the reproductive capability of plant populations after exposure

to gamma radiation oave discussed in detail in Reference 32. Empirical
correlations of the relative amounts of chronic exposure dose that cause
different types of bilological response in herbaceous annuals are given

in Table 9; such correlations are useful for estimating the exposure
doses for different plant responses (during the period of active growth,
meiosis, and seed set) from information on the exposure dose for any one
type of response.

Low levels of radiation are often observed to cause growth stimula-
tion but no proposed mechanism for this stimulation was found reported.
Also, low=level radiation of seeds is often found to result in an increase
in crop production. The quantitative aspects of these biologically favor-
able responses were not investigated during this study.

In general, the currently available reported data on the radiosensi=
tivity of plants provide much useful basic information regarding the re-
lationships among plant responses to radiation and their cell nucleus
characteristics., The quantitative response data, however, do not apply
either to the dose rate variations with time that would be characteristic
of fallout from nuclear weapons or to the duration of the external gamma
hazard from fallout. Also, the effects of beta radiation on growing
plants have not been determined. While it may Le appropriate to neglect
the consideration of beta radiation effects on the larger plants, the
same is not true for smaller plants., The proximity of fallout particles
to sprouting cereals, grasses, and other small plants with thin~-shelled
stems would certainly cause these plants to be affected by the short-
range beta particles. On the other hand, many data on the response of
plants to gamna radlations have been obtained on the more sensitive
seedling plants. Even with gamma radiation studies, relatively little
or no work has been reported on the effects of radiation on the produc-
tivity and properties of standard food crops under field conditigas;
however, work has recently been initiated to study such effects. More
realistic representation of exposure patterns that could result in fall-
out enviromments and emphasis on economically valuable plants are needed
in future resecarch programs on the radiosensitivity of plants.

To be useful in camage assessment studies, the sensitivity data on
plants should include (1) exposure dose rates that decrease with time in
the same way that the dose rates from fallout decrease, (2) the employ-
ment of exposure schedules that are initjated at various stages of plant
growth, (3) the use of multilateral exposure configurations (fallout
geometry), (4) the use of exposures starting at different scasons or
times of the year (as in 2), and (5) beta plus gamma radiation exposures
on selected plants.

Many environmental factors can affect the response oi plants to
ionizing radiation. These include (1) the geometry of the radiation



Table 9

PLANT RESPONSE RELATIVE TO MORTALITY (LD,s0)
QF HERBACEOUS ANNUALS FOR C0O~60 GAMMA RADIATION
(Exposure Times from 8 to 12 Weeks)

Fraction of
LD 0 Dose Rate

Response 10

Normal appearance 0.11

10 percent growth reduction 0.26 = 0,02
Falilure to set seed 0.31 £ 0,086
50 percent growth reduction 0.34 + 0.04
Pollen sterility (100 percent) 0.41 + 0,04
Floral inhibition or abortion 0.44 + 0,04
Growth inhibition (severe) 0.58 + 0,03
LDSO 0.75 . 0,02

a From Reference 32



field; (2) the location of the more radiosensitive plant parts (the meri-
stems) with respect to natural shielding (roots are shielded by the earth
over them); (3) shielding by snow or other denser vegetation (such as
large trees), the general density of plant growth, and the height of the
plant tops: (4) the type of ionizing radiation and its emergy; (5} the
growth rate or rate of cell division; (6) climatic stresses (drought,
heat, cold, etc.); and (7) insect and disease attack.

These factors should also be considered in future experimental
programs to some degree. All are difficult to evaluate individuxily
and without experimental data; some information on each factor 1s needed
to make crude estimates of the fate of plant populations in possible
nuclear war fallout environments.

In summary, the curvent infommation on plant radiosensitivity inci-
cates that correlations of the responses of plants to external radiation
with plant cell nuclei characteristics have successfully revealed methods
for estimating the response of other plants from their cellular character=
istics, at least under certain types of protracted exposure conaltions,

On the negative side, correlations and data for describing the response

of plants (especially food crop plants) to short exposures and variable
dose rates similar to those from fallout radiation dose rates are rela-
tively scarce. Rough comparisons of the plant radiosensitivity data

with the pattern of exposure doses from fallout radiation indicate that
the severe plant growth inhibition in the more radiosensitive plants

would begin at levels of about 1,000 r/hr at 1 hr and, for the more
radioresistant species, at levels of about 500,000 r/hr at 1 hr. However,
germinated seedlings (small young plants) appear to be most radicsensitive
a few days after germination; for these young plants, severe growth in-
hibition effects are observed to begin at doses of a few hundred roentgens,
In older plants, the most radiosensitive tissue is that in the new young
arowth of the plant,

Because of the variability in radiosensitivity of plants with species,
age of plant, and period between growth and reproduction cycles, the
gross cffects in plant population from exposure to gamma radiation would
depend a great deal on the time of year, and, perhaps, of month, when the
attack occurred. It would also depend on the targeting for many agricul-
tural areas; the midwestern state areas, for example, could receive high
levels of fallout from surface detonations on missile sites in neighboring
states and in the Rocky Mountain area.

Internglrkadiation

The pattern of radiation exposures of humans, animals, plants, and
insects after a nuclear war would depend mainly on the uptake and assimi-
lation of biologically available (soluble) radionuclides by the various
species. The various processes involved in the entry of the radionuclides
into food chains (or webs) and the data available for evaluating the pro-
cess mechanisms are discussed in the second section of this report.
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The general assessment of the available input data is that, in
spite of all the published work, the available data are generally frag-
mentary, incomplete with respect to continulty of processes, incoemplete
with respect to radiohuclide coverage for the economically important
biological species, and incomplete in many cases with respect to the
measurement and reporting of obvious important control variables. The
specific weaknesses in the currently available input data for developing
the uptake models, as well as examples of the excellent reported work
and applicable data, are noted in the following sections of this report,
in part, by the ascumptions used to complete the models, by the types
5 of methods used in the data analysis and correlation, and by the data
used in the model development.
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The internal radlation hazard from fallout is characterized mainly
by the fact that, at least in humans and other large vertebrate animals,
most of the radiation sources (e.g., radioactive atoms) tend to concen-
trate in specific body organs and that the assimilation occurs according
to the biochemical properties of specific radionuclides. Thus, in assim=
ilation processes, it is not appropriate to consider the fission product
elements as a single source of internal radiation; evaluation of the in=-

ternal hazard must c¢onsider the behavior patterns of each individual
radioelement in the fallout.

v T o 0 o v (DA

In terms of possible injury to various species in the biosphere,
the internal radiation may be both acute and chronic. For the larger
animals, two factors would tend to limit the significance of acute injury
from interral radiation. First, in areas of heavy fallout, the injury
from external gamma radiation would precede internal radiation injury
because the latter requires time to build up in the food chaih; death
due to exposure doses from external radiation would limit further uptake
B by the animals so exposed. Second, the rates of assimilation are con~
: trolled by the rate of buiidup of the radionuclide concentrations in
- plant and animal foods and by the rate of food ingestion., Thus the
pattern of internal ingestion and radiation is one in which the councen=-
trations of the radioelements increase with 'Ime, reach a maximum, and
then decrease or remain essentially constant, depending on the ingestion
rates, the biological elimination rates, and the radicactive decay rates
for the radioelement and body organs and food sources involved in the
process.

A1

Few data that describe the biological response of animals to ingested
internal emitters are reported. For example, the following data are given
as part of the text in Reference 11; these data can be used to estimate,
roughly, the lethal or near~lethal internal body concentrations of some
larger animals:

1. A dose of 50,000 rads or more (brief period) to the thyroid of
sheep from assimilated I-131 is required for ablation; if the
thyroid dose is 100,000 to 150,000 rads over a period of about
a month, sheep will show some evidence of the total=body radi-
ation syndrome. (A similar response is likely for other animals
with the same body burden of I-131 per unit weight of total body.)
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2. The lethal dose from a single ingestion ofRSr-9O in swine results
if the body burden exceeds about 1.3 x 10!* atons of Sr-90/kg
of body weight.

3, For goats6 a lethal dose results if the body burden exceeds
6.1 x 101% atoms of Sr-90/kg of body welight.

4. For most animals, it is expectfg that a lethal dose results if
the body burden exceeds 6 X 10°° atoms of Sr=90/kg of body
welght.

5, If the body burden of Cs~137 in cows and sheep (and perhaps
other animals) exceeds about 5 x 1019 atoms/kg of total body
weight, the animal will probably show evidence of the total-
body radiation syndrome.

The type of data needed for evaluation of biological response to
internal ingestion of radionuclides for adult sheep is illustrated in
Table 190,

The uptake, eliminatinon, and absorbed doses of humans from radio-
nuclides in fallout will depend on the degree of contamination of crops,
the uptake in edible parts of animals, and on the distribution of these
foods in the diet. The earliest internal :azard after a nuclear war
probably would arise from the consumption of c¢ontaminated water, fresh
milk, and fresh green vegetables. For an attack during the growing
season, radionuclides such as 1~131, Sr=-89, and Ba-140 in these foods
would contribute most to the absorbed dose of various body organs. For
an attack during the fall or winter, the Sr-89 would most likely be the
predominant contributor in these same food sources from the spring peak
of worldwide fallout. The longer-lived radionuclides from both foliage
contamination and roct uptake processes in feods would be Ru-106, Sr-90,
Cs~137, C-14, and K-40, and possibly other long-lived neutron-induced
radionuclides in the fallout.

The data on absorbed doses from ingestion of radionuclides by adult
humans have been developed in a2 significant research effort conducted by
K. 2. Morgan and co-w0rkers37 over the past 10 years, Similar sets of
data for the absorbed doses for young people during their growing igars
have not been developed. A bone model was developed by Kulp et al for
the uptake of Sr-90 in worldwide fallout. Models for estimating the
absorbed dose from assimilatigg of radionuclides in organs of humans
have recently heen developed; applicetions of these models in this
study for estimating absorbed doses tor human organs are given in the
third section of this report.

Operational Recovery Criteria

The repair and recovery, or healing, after injury appears to be a
generally recognized persistent and characteristic phenomenon of biological
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Table 10

SINGLE ORAL INGESTION LEVEL OF SEVERAL RADIONUCLIDES
BY ADULT SHEEP CAUSING SERIOUS INJURY OR DEATH®

s R

§ Ingestion level

2 (atoms_ingested/kg body weight)
% Radionuclide Serious Injurz? tethal (¥050/30)
H Sr=90 4.7 x 101° 4.7 x 1017

g 1-131 7.4 x 10'2 5.6 x 10'*

z Cs=137 2.5 X 1016 2.5 X 1017

a From Reference 11
b Type of injury not specified
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systemg. Thus, when 1t is cbserved that the response poth of plants and
animals (including humans) to radiation exposures 1s less if the time
period of delivory of a given total dose is longer, biologlcal recovery
of the injury with time is inferred. While the phenomenon of biological
recovery appears to be generally recognized, the quantitative nature of
the recovory processos and the use of the concopt of biological recovery
in operations planning are not agreed upon by radiobiologists (regarding
the representation of the recovery process) and by operations analysts
and planners (regarding the use of the criteria derived from the repre=-
sentation).

The following discussion of the biological recovery process for
radiation injury, and of one of the preposed representations of the
recovery process for humans, emphasizes the use ot a representation of
the recovery process in damage assessment studies and in criteria for
operational recovery. The technical data and technical aspects of repair
and recovery in humans are described in Reference 39; here the recommen-
dations of Reference 12 are assumed to be a reasonable representation of
the recovery process in humans (i.e., that the biological repair or
recovery rate is 2.5 percent per day of 90 percent of the exposure dose
and that 10 percent of the exposure dose is not repaired). The biological
recovery formula gives what is called the effective residual dose (ERD).

One fundamental aspect of biological repair and recovery is that
biological systems that receive damage or injury greater than a certain
level will not recover. Thus an upper 1limit of exposure dose exists for
which biological recovery can be considered; by definition, this upper
limit of exposure dose must be less than the dose that results in death.
In other words, it is not appropriate to apply bilological recovery cri-
teria to a response such as death, This rather simple interpretation
of what is meant by blological recovery is neglected in many damage
assessment studies where the ERD (usually in the form of its maximum
value) is used incorrectly to compute the mumber of people killed by
radiation from fallout.

The second point of misuse of the ERD formula in damage assessments
is that its definition is given in terms of a constant rate of chronic
oxposure, whereas in the damage assessment models the exposure rate is
always defined to decrease with time according to t712 or other similar
function of time, This misuse, however, does not receive much criticism
and probably is not important because it tends to limit tlhe time over
which the largest fraction of the dose is received and thus tc reduce
any error due to inaccuracies in the recovery formula.

Most of the currently used fallout models include methods for esti-
mating the potential ERD or total exposure dose (i.e., the outdoor doses)
by assuming or camputing an "effective' fallout arrival time at which
the fallout is all deposited instantaneously. However, none of the
reported computational methods that use this approximation fur calcu=-
lating the ERD or exposure dose during fa..out arrival cite data for
the reliability of the dose estimates fr.m use of the “offective’ arrival
time as a mathematical technique. Additional complications in dose

31




i AN ||

o5 Imating arise owihg to the fact that people may move about within and
out of sheltered locations with different shielding attenuation factors.
In such situations, the problem of estimating the individual ERD or ex-
posure dose of people (or even the distribution of doses among the people)
to a given degreo of accuracy is impossible without specifying, ahead of
time, what the movements of each individual will be., The normal procedure
in estimating doses is to make rough estimates of the fraction of the time
that people spend, on the average, in various types of sheltered and un-
sheltered locations. However, in all such cases, the computation of the
ERD is more complicatred than that of the exposure dose.

Another difficulty in the current applications of the ERD formulation
is that it cannot be measured and used divectly in postattack operations,
The dose and dose rates are physical quantities obtained from radiation
detoction instruments without compensation for biological recovery factors.

While the problems in interpretation and use of the BRD representation
appear to be numerous, some clarification can be made. 1In the first place,
use of ERD in computations and in protective system designh criteria is to
be made only in reference to exposures of people and animals (and plants)
that de not become casualties, Another way of stating this is that the
ERD (and the implied biological recovery) applies only to those biological
units that are able, after radiation exposure injury, to carry out normal
functions, Thus, for humans, the recommended maximum dose is 200 roontgens
ERD. 12,39 In terms of postattack recovery assessments, the interpretation
regarding the operational implications is that all persons that receive
about 200 roentgens ERD, or less, are counted as not being injured by the
dose to the extent that they could not be part of the uormal work force.
The people in this injury categorv (i.e,. those receliving between Q0 and
200 roecntgens ERD) therefore would be expected to recover and carry out
normal functions,

Pepsons that receive larger exposure doses than thosc resulting in
200 roentgens ERD would sustain increasing biological injury resulting in
serious sickness and, eventually, death. The expected 100 percent mortality
dose for arprompt exposure of humans is reported to be from 600 to 1,00C
reentgens.® If this range of exposure dose represents certain mortality
for a prompt exposure, then it is reasonable to conclude that the fraction
of mortalities of persons receiving 600 roentgens in 4 days or 1,000 roent-
gens in a month (from a rapidly decaying radiation source such as that of
the radioactivity in fallout) would be very high,

The above information can be utilized In damage assessme:t studies
in the following way: (1) the number of people expected to be uninjured
or to recover would be computed on the basis of the 200 roentgen ERD limit;
(2) the number of people expected to dic are those computed to receive
600 roentgens in 4 days or 1,000 roentgens in a month; and (3) the anumber
of people counted as casualties are those not otherwise accounted for; some
of these will die; the remainder will recover. Without further definition
of the dose distributions among those in this latter group. the median out-
come might be that 50 percent of them recover.
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The medical burden on the healthy survivors in the postattack period
(considering only radiation injury) would be determined by the number ot
people in the third injury category (the casualties); the treatment and
care of this group would be one factor in detormining how many of them
recovcred, how many died, and how many were permanently disabled. Future
research should be concerned with the fate of people in the third category
(also for animals and other biological specles for which a similar set of
categories of radiation effects can be established),

One representation of the three radiation injury categories for humans
i1s shown in Figure 1. In the figure, the effective standard intensity,
IIRN, is plotted against the time after detonation, te’ of entry into an
area covered with fallout. The BN term (s the inverze of an effective
protection factor, so that the boundary standard intensjty between two of
the three categories is directly proportional to the protection factor,

The time, t ., may represent the effective (instantaneous) arrival time of
fallout, the time of entry into an area covered with fallout, or the time
of exit from a perfect shelter.

The decay curve from which the 200 roentgens ERD and the other expo~
sure doses shown in Figure 1 were obtained was taken from Reference 2,
The selected exposure dose criteria that approximate the 200 roentgen ERD
max criteria are 190 roentgens per week, 270 roentgens per month, and
700 roentgens per year, assuming an effective fallout arrival time of
1 hour after detonation. The latter detinitions would vary depending on
the decay rate of the fallout radiation und the time of arrival of fallout
(from a surface dctonation).

The curves to the left in Figure 1 define the upper limit criteria
for civil defense protective systems (not for just a single component of
the system such ns a shelter). However, the protective components are
evaluated from the figure in order of use so that the shelter protection
factor is considered first. It can be seen from the insert curve in
Figure 1 that the minimum shelter requiromonts for people in the First
catcpgory, where the tallout arrives at 1 hour after dotonation, are given
by

R ot~ = ‘2. )
pr. - 1 RNy = o625 (2)

where I is the fallout standard intensity in r/hr at 1 hr, PF, 1s the
shelter protection factor, and RNI is the shelter residual number. Thus
the criteria for minimum adequate shelter for people in the first injury
category is defined by

I < 62.5 PFI (3)
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For people in the mecohd injury category,

o1 DR ]
I1 > 215 u'1 (1)

and for people in the third injury category,

52.6 PP, < I, < 215 PF 5
62.6 PF = I, < 215 PF (5)

Equations 2 through 5 give the shielding requirements for only the
protective sheltor without consideration of llmiting the stay time in the
sheltor or for any out=of-shelter exposwres., The representation of the

_exposure dose limitation (as a planning dose because operational requirve-

nents may indicatsc the necessity of exposure doses greater than an arbi-
trarily selected limit) is given, jun general, by

* = RNIDI‘P RN2D2 4 RNSDq (6)

where D» is the planuing exposure dose, l)1 is the out-of-shelter or outside
exposure dose for the shelter stay time, is the effoctive resiaual
number for the shelter, D0 is the exposure éose for crews or pecople that
nay be used for special operations outside of shelter, RN, 1s the effective
residual number out of shelter, Dy is the dose after permaneunt exit from
shelter to 2.5 ycars (or infinity), and RN is the average vesidual number
fovr the third period. For people that stay in shelter until the permanent
exit time, RN?D is 0. Disvussion of these criteria and their relation

o civii defensé operations 15 given in Reference 40.

The types of simplified civil defense system routines described in
Reference 40, together with operational planning dose criteria, can gen-
erally be used to develop design requirenents for radiological defonsec
system camponents and operations. The reprosentations of the exposure
criteria can ke used to determine, for a given civil defense system, which
routines are feasible and, in many cases, which of those teasible would be
the optimum routine for meeting national postattack recovery objectives,
Up to the time of this study, little evidence exists to indicate that the
above~described criteria ave being applied in damage aasessment studies
or in civil defense operations planning. The operational problems and
supporting data for the detailed planning of decontamination operations
are given in Volwme II of Reference 2 and in References 41 and 42,



Ecological Considerations

The general ecological consequences following a nuclear war are not
yet well defined but, in the main, appear to center on the chain of events
that would retard or inhibit the natural recovery processes and that would
lead to permanent denudation of the landscape, to erowion which would re-
move the fertile soil layers, and to floods which woulu disrupt the function
of other ecosystems as well as pollute the water sources of farmland and
urban (human) ecosystems. The consequences of such events on the nationai
economy and on the populatic. would include, first, the loss of the exist-
ing and future capital bioclogical resources and, second, the possible con-
tinued degradation of living standards in the long temm.

As previously mentioned, the major primary radiological hazards that
would be most important in causing damage to the wild land and farmland
ecosystems are external gamma and betsa radiation and internal beta radia-
tion from assimilation of radionuclides., It is significant, for the bio-
logical repair and recovery processes,; that the injury sustained from the
external hazards would be more like an acute assault than a chronic assault.
The a-=imilation of radionuclides would be mainly a chronic exposure; the
gener effect of radionuclide c¢ycling in species of eccosystems, from all
availahle data, appears Lo be mainly in the class of a long-=term public
health problem rather than a cause of injury leading to the death of bio-
logical species.

The primary ecffects on ecosystems, from the two major damage phenomena
of chief concern for nuclear war considerations, are those responses lead-
ing to the death or weaskening of a spe. es. Secondary effects. which may
folle, because of these primary effecis. inciude a variety of Turther dis=
turbances in ecosysltems. For example. :f 2an arca were sufficiently coatam=
inated so that the exposwre dose from fallout Killed all the trees in a
young pine forest In the state of Wacghington or all the sprouting wheat
seedlings in the staie of South Dakota, the land would be bare for a per-
iod of time. Then, 1f heavy rains occurred prior to revegetation by weeds,
pine seedlings, or annual grains, and if the terrain were hilly, severe
erosion of the surface soil could occur. ILess severc secondary effects
include changes in relative numbers an! vigor of planis :n a mixed plant
populaiion and the relavdation of growih »f the more sensitive plants dur-
ing one growing season

Tha response oI Cusysies. as wer )i o@ms ar = “her gpi-cies theraof,
to external rad-at:o auld be evieiuated in terms f the three carsgorie.
of iaujury discusses 4t ove, 30 Lhe data were avarlable to do so. Suci:

anal ysers cxpected to show that after a hypothetical attack on

the coun r.. the landscapes tn xanrv areas would be the same a: thev were

before z:itack: 1 -:at, in other aress, all the vagetatior and anin i1ls weald

gradus {1y die, 'oa "ng terrestrial islands withovt 1i1e r1o. Some pe.iod

of tis and "aai, :n = bLand around the killed arecas, areas would Le Touua
wheo o tne more sensitive specivs were kilied or severely affected. and the
e restsiant specics would renal.. The rotative size of ithese ihree gen-

ol postaltacs envirowienis abd their v ntual recovery would €(at the lea-1)



be dependent on the size of the attack, the distribution of the bhurst
points, the distribution of weapon yields and mix of ground and air bursts,
the time of year, the weather during attack, and the composition of the
ecosystems affected., Perhaps the first major ecological quest.on is
whether the killed areas would continue to grow in size or would decrease
by invasion of surrounding species; the second question is what the rates
of each process might - and what the more important factors that effect
these rates might be

The major consequence of the cycling of the radioelements in the
fawmland ecosystems would be to provide paths for the entry and continued
flow of these elements in the food chains of all biological species or,
otherwise, paths for exit of these radioelements by concentration and
retention in soils (e.g., Cs-137) or final dilution in the sea along with
runoff water (e.g., Sr=90).

The more subtle secondary ecological effects include the possibilities
of increased attack by predators, such as insects, on weakened species,
long-termm genetic effects, decreased attack on species by predators more
radiosensitive than the species, further destruction by secondary fires
in radiation-killed forest lands, and general changes in the relative
abundance of species in a given ecosystem.

The most significant factor in determining the nature of the long-
temm ecological effects and the rate of recovery of the farmland ecosystems
after a nuclear war would be the capahility of the farmers to maintain
control of these ecosystems as is currently done or, if control is tempor-
arily lost in an area becsuse of the presence of high levels of gamma rad-
iation, the capability of the survivors to reestablish a desired level of
control of the farmland ecosystems within a - =2sonably short period of time,

Wild land ecosystems are becoming under increased control by man
through forest management practices, fire prevention and control, flood
control, and other natural resource conservation programs. Thus, as for
the farmlands., one of the more important factors in determining the degree
of the long=term effects of exposure to nuclear radiation from fallout
under nuclear war conditions on the wild land ecosystems would be the
capability of man to reestablish needed control programs in the more ser=
iously damaged areas.

Consi:terations of likely —uclear war targets and their distribution
ovar the country and the currently available protection systems for humans
lead to the ¢ ' usion ivhat, for both the wild land and farmland ecosystems,
larger areag woqld be damageu by external radiation from fallout than from
fires, Hrwever, ihe time of the vear of attack apd the type of weather
precediv  and during aftack would De important factors in the extent of
the 3. :s damaged by 20t phenomena.,  Especially in the areas affected
by migh Jevels ol fallout, the lack of adejuate protection for humans
could resultt beth in lethal deges to area ogcupants and extended periods

of area denial dor e tey from otney areas: thus ecological control by man
covtld be lost for «o:zral svasons 1f the sanpower and supporting facilities
wvare aol avelable ¢ cz.ory - ut needed corrective measures.
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No previous studies have been reported in which specific effort has
been expended to organize the data base necessary for making quantitative
estimates and assessments of the ecological effects that may follow a
nuclear war. An outline of some of the major fac*ors in ecological sequelae,
including data summaries on plant and animal diseases, pest and insect be=
havior, and other information, has been compiled by AyresJl in a study for
: the Office of Civil Defense, Other applicable data, not yet organized for
4 use in assessment of nuclear war effects, include work in many biological
laboratories (private, govermment, and at universities)., A number of eco-
logical research programs have been carried out in Atomic Energy Commission
(and Atomic Energy Commission supported) installations including the Puerto
Rico Nuclear Center, Savannah River Plant, Argonne National Laboratory,
Emory University, Oak Ridge National Laboratory, Battelle-Northwest, Nuclear
Test Site at Nevada (including U.S., Public Health Service), University of
California at Los Angeles, and others; these programs and their data also
have not yet been organized within the scope of this discussion.

Plant Radioecology

Terrestrial ecosystem structures are dominated by plants but, because
of soil and climatic factors (mainly), the plant compositions vary geo=-
graphically. The geographic pattern of the natural ecosystems in North
America includes tundra, boreal and coniferous forests, montane coniferous
forests, Eastern deciduous forests, grasslands, Pacific Northwest coastal
coniferous forests, deserts, and Mediterranean vegetation in California,
These long-term developed (climax) systems, in some regions, have been
altered by man and converted to farmland (temporal) ecosystems. Both types
of ecosystems now exist.

.

Recent researcn,az’so mentioned previously, has shown that variations
of more than a factor of 100 in the sensitivity to damage from external
ganma radiation occur. Two major practical kinds of eflects on both indi-~
vidual plants and ecosystems occur: (1) the production of mutations and
(2) the reduction of vigor,

The repair and recovery from the genetic damage (the latter being
defined as an increase in the frequency of deleterious genes) involves
the tendency for elimination of the deleterious genes after a few genera-
tions and for the gene frequency to return to the predamaged equilibiium.
After two or three generations, populations exposed to natural selection
would be expected to have essentially eliminated, or recovered from, the
genetic damage.43

The principal effect on natural ecosystems in the third category of
radiation injury, as found in both small-scale experiments and in fielg
experiments of irradiated ecosystems, is the simplification of the eco-
system by selective mortality or growth inkibition of sensitive species.
These changes in plant populations would be expected to cause changes in
insect populations since the latter would be expected to be sensitive to
the abundance of food supplies. In these damaged ecosystems, the capacity
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of the ecosysten . recover should remain intact, at least initially, but
rapid changes in plant species composition and in number of plants during
the first few years after injury would be expected to occur. Reduction
in competition, appropriate radiation exposures, and other factors would
result in stimulated growth patterns of some specles and retarded growth
for others (depending on the number and kind of original species present),

Lowland deciduous forests would be expected to be much less sensitive
to damage than would montane coniferous forests because the deciduous trees
themselves are less sensitive than are the gymnospermae and also because
the lowland forests usually contain a greater diversity of species and are
less prone to sustain erosion damage. Areas with the larger diversilty of
species generally would be expected to recover and stabilize more rapidly
and at higher fallout levels than would areas with fewer species.

In areas where complete destruction of aboveground vegetation would
occur, the rate of recovery would depend on whether underground shielded
seeds, tubers, and bulbs were present for revogetation and wheéther other
plants would revegetate from roots and stems. Another factor is the area
size of such a devastated region; recolonization from surrounding areas
would be slower if the destroyed area is large (lavge in width as well as
in length),

Some estimated radiation exposwres for likely ecosystem recovery,
based on currently available data extrapolations, are listed in Table 11.
In the use of the last column of the table for mature forests, the listed
exposure dose should be corrected to the standard 3-foot dose computed
for fallout on a level open field. A factor of 2 is suggested to account
for tree height and shielding. Alsoc, a 2-week exposure is suggested so
that, for an effective arrival time of 1 hour, the calculated standard
intensities for which the recovery of coniferous forests would be expected
to occur are those less than 1,200 r/hr at 1 hr; for deciduous forests,
the calculated intensities for recovery in 2 years or less are those less
than about 6,000 r/hr at 1 hr; higher levels of fallout would be required
for the same effect at later fallout arrival times. These dose levels,
similar to the 200 roentgen ERD for humans, are indicators of the maximum
fallout intensities and doses for which recovery would appear to be nearly
certain, At higher levels, the chances of recovery would decrease; the
levels at which recovery would not be possible (without assistance from
man) have not vet been specified.

Further specific studies of ecosystems of cifferent composition are
needed for evaluations of the upper limits of possible ecosystem recovery
and for further verification and extensions of the data needed to develop
criteria such as those of Table 11. However, complete organization of
currently available data on ecosystem components needs to be accomplished
before an adequate assessment of the available data can be made. The dur-
ation of this study was too short for accomplishing this needed organiza=-
tion of the data.
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Table 11

ESTIMATED RADIATION EXPOSURES a
FOR LIKELY RECOVERY OF TYPICAL ECOSYSTEMS

Exposure Exposure Dose
Dose for No Exposure Dose for Likely
Signiticant for Likely Recovery in
Fffect Recovery about 2 Years
Major Ecosystem {roentgens) (roeqtﬁ'ens) (roentgens)
Typical farnland 200 200 -
Coniferous forest 200 200 - 2,000 2. 000
veciduous forest 200 200—10, 000 10,000
Grassland 2,000 2,000 —20,000 20,000
Herbaceous successional 4,000 4,000 -70,000 70,000
a From Keference 43
40



Role of Insects

The concern about the role of insects in damaged ecosystems after a
nuclear war appears to be associated with (1) the relatively high resis-
tance to radiation of insects compared with other species (vertebrate
predators, food plants, etc.), (2) the potentially high reproductive cap<
ability of insects, (3) the added insult to otherwise weakcned species
by inhsects, and (4) the reduced ability of the human survivors to maintain,
or achieve, effective chemical controls.

A lack of data on the radiosengitivities of insects exists; of the
existing data, 1t is known that the sensitivity varies by as much as a
factor of 100 over the insect life cycle, No data on the beta sensitivity
of insects were found during this study. The exposure doses in normal
habitat geometries are needed if the role of insects in ecological recovery
18 to be evaluated. :

It appears that many available data on the reproductive and other
behavior patterns of many insects exist which could be organized for use
in evaluating the role of insects (neglecting, howevsﬁ, the radiation
effects). A review of pertinent subjects by Jenkins lists the following
types of information and studies for forest and orchard insects, crop
insects, social insects, pests, and parasites and predators: (1) longevity;
(2) flight ranges, dispersal rates, and migration; (3) breeding habits and
reproduction rates; (4) feeding rates and habits and nourishment require-
ments; (5) mixture in colonies and competition; (6) colony growth rates
and population behavior and size; (7) epidemiological roles, transmission
of diseases, and vector ability; (8) host exchange; (9) pathogenic=parasite
relationships; (10) mortality rates, self-destruction, and sterility; and
(11) effect of insecticides and herbicides on population control.

Other factors include the causes of population eruptions (or cycles)
and their relation to food supplr, climate (time of year), disease, preda-
tors, and other possible stresses.

At this time, nonc of the above available data and factors have been
correlated or analyzed with respect to the role of insects in postattack
environments, although some data compilations have been initiated.



DESCRIPTION OF MODELS AND ATTACK ASSUMPTIONS

Format of Comptutations

In this section, thec wmodel system developed for radiological systems
is described along with the appropriate input data and assumptions regard=
ing a set of attacks t! - wus used in a set of model calculations. ‘Those
portions of the model t.aat have been described in previously issuwed reports
ave referenced. A schrmatic diagram of the Stanford Research Insgtitute
radiological assessme at systom, designed for application to civil defense
problems, is shown in figure 2. The general assumptions involved in the
development of the models, the data sources, and the concepts involved
arc briefly described in Refevence 45.

Two assumed nuclear attacks were used in Lhe following described
computations. One was a counterforce city-avoidance type of attack with
a total yield of 5,900 megatons (MC), and the other was a mixed military-
city attack with a total yleld of 11,900 megatons (HM).

Two types ol detonations are considered in the assumed attacks.

These are surface detonations which produce local fallout, and air bursts
which produce only worldwide fallout.

Local Fallout Model

The model for estimating the local fallout deposit levels is described
in detail in Volume I of Reference 2; some of the -evisions to the model
are reported in Reforences 46 and 47. The model was developed and used
as a fallout depositionh scaling system rather than as a dynamic model of
the faltout formation and distvibution processes, to facilitate its appli-
cation to the study of radiological effects from large~scale nnclear attacks.
No scaling system or model has vet been applied to the estimation of fall-
out deposition levels from intermediate burst heights in damage assessment
studies. The general effect of hurst height on some of the properties of
fallout are discussed in Reference 2.

To estimate the radiological hazard as well as the radiobiological
effects from fallout, the fallout model must provide estimates of (1) the
magnitude of the radiation level at a given location, (2) the variation
of the air ionization rate with time (i.e,, the decay) for the mixture of
radionuclides deposited at the location, (3) the time after detonation
that the fallout arrvives, and (4) the potential solubility, or biclogical
availability, of the important radioelements in the fallout at the location.

Weanon Model

In this study, ne particular weapon design or designs were selected,
except that the yileld of the land-suvrface detonations was asswuned to be
37.5 percent fission, The t~!-2 function was used to estimate cxternal
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gama doses; its use to represent the decrease in radlation intensity with
time for computing cxposure doses automatically implies a weapon design
that would yield almost 1 atom of neutron-induwced Np-239 for every fission
event, This relative amount of Np=239 would increase the standard inten=
sities (i.e., the r/hr at 1 hr) by about 2 percent; however, at about 4 days
after detonstion, the radiation rate from the Np=239 would be about equal
to the total radiation rate from all the fission products, Such a contri-~
bution from the Np=239 is about eunough ndditional radiation in the period
from 3 to 10 days after fission to produce a gross decay curve that is
better approximated by the t*12 function than is the decay from the fig=
sion products above. The decay curves for more accuratce estimates of the
decrease in radiation rate from the radionuclides in fallout at longer
tines alter detonation are discussgsed in Reference 2,

Radionuclide Solubility Model

The model used for estimating the potential solubility or potential
bilological availability was generally based on the fallout formationh model
in References 2 and 47; however, for this study, extensive revisions were
made on the thermodynamic data used in the calculations, and new methods
for estimating the average solubility as a function of particle size for
the six ma jor biologically important radioelements were developed.

Worldwide Fallout Model

The worldwide fallout model used in these calculations 1s described
in References 45 and 48.

Water Decontamination Model

The water supply of the United States is generally obtained ecither
from ground sources or surface sources.4 Ground-source water includes
that from wells, springs, and infiltration galleries. Surface sources
are lakes, reservoirs, and streams., Water from ground sources, especiallyv
at early times after an attack, would be virtuslly free from contamination
because the fallout deposited upon ground surface areas would initially
be precluded from the ground water supply by an earth mantle, The pene-
tration of this mantle by the soluble fractions of fallout and its subse-~
quent movement through the earth to the location of withdrawal is a very
slow process. -

Although ground water may be free from contamination, since it is
pumped from wells, 1t may still become contaminated prior to consumption.
For instance, if the water is first puwiped to an open (uuprotected) water
storage reservoir or if the water is pumped to a contaminated distribution
reservoir, the water would become contaminated. The estimation of the
aegree of contamination of clean water by these processes would require
a detailed study of each water svstem. In this study. all communities
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partially or wholly supplied from ground sourcey were assumed to hnve
¢lean relatively uncoitaminated potable water available for use,

Swrrace waters, on the other hand, would be directly contaminated
by the deposited fallout. The concentrotion of radionuclides would be
proportional to the soluble amounts doposlted per wnit ares upou the
gurface and inversely proportional to the aversge depth of the surface
water supply. This definition of concen'ration is based upon the assump-
tion that the soluble fractions of fallout isotopes would be uniformly
mixed in thé¢ total volume of water: thus the water from shallow surface
sources would be, at least initially, the most highly contaminated. The
depths of reservoirs and especially streams vary wldely throughout the
time of year and from year to year, The depths of some streams during
periods of heavy runoff may casily be a factor of 5 deeper than the near
minimum values used in this study. The depths of reservoir water, on
the other hand, are maximum values.

In this study, the calculated radionuclide concentrations of surface
sources are for the fallout that fell directly into the surface waters,
Fallout radionuclides doposited upon ground areas and subsequently carried
by runoff lato surface waters due to & period of heavy precipitation were
not considerod; dilution of the nuclides already in the water by rain or
by adsorption on bottiom materials also was not considered. Available
data, that of measured concentrations of Sr-90 and gross beta activities
in precipitation and in streams. show that, at least for worldwide fallout,
only 1 to 10 percent of Sr=90 as well as gross beta activities deposited
in watershed or drainage basin areas is carried with runoff to streams.z'
The available data do not provide any generalized evaluation of the migra=
tion dynamics of radionuclides through watevsheds, so that the elapsed
time between the times of fallout deposition and maximum stream contami-
hation could not be determined; in goeneral, it apnears that, at least for

ol i

the wet season, the elapsed time is less than 1 month,

Or the 16,747 communities in the United States served with public
water supplizs, 11,784 are partially or wholly supplied from ground sources.
On the basis that those localities that ave partlally supplied by ground
water scurces would have sufficient water from these supplies for post—
attack emergency use (but requiring power tfor pumping), the source water
for 70 percent of all conmunities would be relatively unaffected by fall=~
out. However, of the 184 larger communities, representing a total of
71 million people, only 43.5 percent of the people have adequate public
ground water sources, Although this percentage may be increased to 61
percent if both private industrial and public water supplies ave conside
ored available for public consumption (in the communities where they
exist) during the postattack period, only the available public water
sources were considered in the computation of the radionuclide contamina-
tion in water supplies for the proposed nuclear attacks upon the United
States.

For any proposed attack, partis of water systems (especially the dis-
tribution systems) that are located near explosion poiats would be



destroyed or damaged. Wherever this occurs, the watoe supply may be
disrupted or completely lost until the damaged component is repaired or
replaced. This aspect of the avallability ol water supplies for the
survivors is not considered in this report; the discussion here 1s limited
to the possible levels of water contamination.,

The complete destruction of a water source, on the other hand. would
not be readlly achieved by explosion pheunomeann, Water in lakes, slreams,
and diverslon reservolrs is not normally very vulnerabie to bhlast damage,
and somg¢ water loss would be e¢xpected if the source was located within
the region of the crater. The sane general low damoge vulnerability would
hotd for ground sources; an exception woui¢ be a direct hit on a small
vell=field or on a rather small stream. 1i- such a case, the well-fleld
cotld be destroyed, and the lip of the crater could divert the water off
strcam and render it unusable. Also, a direct hit upon the dam of an
impoundment reservoir would certainly cause the loss of the water from
the reserveir. On the other hand, most large communities have onhe or
wmore alternative water supply sources.

The water countamination data for the 184 large comunities in this
study were used as a "sumple" of the available water for the entire (urban)
population of the United States. The selected sample should tend to give
a nuclide concentration distribution that 1s somewhat higher than the
national distribution because the communities not in the sample generally
have more well-water sources. Although the contamination in the water
from streams normally depends upon the amount and rate of fallout at up-
stream locations, and the radionuclide concentration in the water when
drawn would depend uponh when 1t was drawn and the rate of stream flow,
in this study the concentration computations were simplified by treating
these waters as though they were from a stationary source.

Errors introduced by this computational treaitment would be largest
for communities that use water Trom oxceptionally long streams where the
water from ene geopraphical location is trahsportoed to another distant
location and the amount of fallout deposited at the two locations ls
grossly different. TFor example, the calculated radienuclide concentrations
in the water for a community such as New Orieans, Louisiana, may underes-
timate the real concentrations for thet city Uf the heavier fallout depos-
its in the upstream parts of the Mississippi River (and Ohilo River, etc.)
were actually carried as far as New Orieans.

The direct contamination of c¢xaposed surface waters by fallout particles
landing onh the water may include (1) the suspension of small i

particies and {2) soluble radioclements that dissolve when the carrier
particle lands in the water. The larger fallout particles will setile
rapidly to the bottom of still water. The only important group of ele-
ments, for potable water sources. are the soluble clements.

nsoluble
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External Ceontamination of Plante -

The external contamination of plants by local fallout particles is
discussed in detail in References 2 and 10. The majgor poertion ol ithe
currently available dats on the subject was obtained in the Costa Rican
experiments: however, in this described study, which was initiated prior
to the Costa Rican work, the plant contamination factors that were used
were those derived from the fleld test data, as shown in Figure 3. In
the model, the average effect of weathering on the foliar deposits was
assumed to be represented by

~0.05(t~ty) 7

where ay, is the contamination factor in terms of the ratic of the activity
or welght concentration of the fallout on the foliage to the surface den-
sity of the fallout, and Ea is the average time of arrival of fallout,.

The factor, 0.05, corresponds to a weathering half-life of 14 days, as
discussed in References 9 and 50. Newer data on the effect of wind and
rain on foliar contamination indicate that weathering effects, in general,
do net correspond to that given by Equation 7; however, the computations
of this study were made using Equation 7 and therefore underestimate, to
some degree, the contamination levels on most food crops due to the con-=
taminacion of the foliage by local faliout. The initial values of the
contamination factors, ay'(x~ af), used in the calculations are summarized
in Table 12.

Entry of radiocactivity from worldwide fallout into plants is made
via two major routes: (1) direct foliar absorption of radionuclides in
solution in rain and (2) root uptake from the accumulated nuclides in
the scil. Measwrements of the total specific activity of the edible parts
of plants therefore represent the sum of both - ades of entry, and the
problem becomes one of separating the total int . parts, There are many
data available on root uptake from pot experiments so that if would appear
that o reliable approach would be to subtract that amount of activity due
to root uptake from the soil. The usual result, however. is that all or
more ol the observed activity is accounted for by root uptake alone. It
would therefore appear that the uptake of crops grown in the field is
different from that of crops grown in pot experiments,

Among the veasons for such differences, aside from the usual uncer-
tainty in the number of atoms (such as Sr-=90) per unit area of soil. are
the effects of distribution in depth in relation to root habit and the
lung=term availability of the nuclide in question. The method usually
follewed in assessing foliar and root uptake from worldwide fallout is
to set up an equation with two unknowns and solve these over successive
years.21:32 This method, for any nuclide, is represented by
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Figure 3
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Table 2
15
FOLIAR CONTAMINATION FACTOR VERSUS o
AND RETATED PARAMETERS

Particle Foliar
Fal]iné Contaminat ion
Velécity Particle Factor
o Diameter L
15 Ve d L
% {mph) {microns) (sq ft/gn)
0.15 100 8,000 0.000200
0.30 30.0 1,170 0.000225
1 15.0 500 0.000250
S 3.00 120 0.000750
6 2.580 0.000930
10 1.50 75 0.00170
15 1.00 0.00300
20 0.75 50 0.,00425
25 0.60 0.00535
30 0.50 40 0.00635
35 G. 4286 0.00720
45 0.3333 0.00815
- 75 0.2000 25 0.00912
100 0.1500 0.900945
150 0.1000 0.00975
300 0.0500 13 0.00997
400 G.0375 0.0100
| |
© 0 0 0.0100

Source: Derived by Stanford Research Institute
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where N (L) 1s the fallout deposit 3n a time interval designated by t and
NO(T) 1s the totml failout deposited up to the time of sampling. both in
atoms/sq L.

A set of A” and B® values is given iu Reference 52 for Sr-90 in which
thie N*(1) values used were monthly values (averaged over a 6-month period)
as taken from an averaged accumulation curve of NO(¥): the NO(T) values at
July 1 of each year were used.

The derived values of ni, in atoms/gm dry welght pe:r atoms/sq ft, for
Spr=8Y9, Sr-90, r-95, Ru=106, Cxs=137, and Ce«l44d are listed in Table 13.
The reot crops werc assigned very small values; that is, except for Cs-137,
the radioelements are not considered to translocate From foliage to roots
to any appreciable extent. The n? values {or sorghum and oat were made
equal to that for wheat. As SUggdsLed in Relerence 53, the Sr-90 in
Tucerne (alfalfa) was majnly attvibuted to direct contamination; the aV
value was accordingly chosen to account for 80 percent of the observed
lucerne contamination. A similar assigmment was mude to clover. It
should be poted that dry weights are specified in the table, consisteat
with the ay values presented varlier but differing from the common prac-
tice of rceporting worldwide food contamination in terms of fresh oir market
weight,

In summary, a single ag value was assigned to each crop for contami=-
nation from worldwide fallout, assuming that superficiul activity was
removed by normal washing or preparation and that the levels reported
reflected true tissue absorption. The absorbed number of atoms of the
ith kind at z=:0 time in the edible p!ani tissue is

Ci = rYN?(t\ atoms/em dry welght (9)

o
where N1(t) is the zero~time number of aitoms of the ith kind per square
foot of so0il deposited in tha last month before harvest.

Estimates of N?(t) are available for elght dlfferent nuclides from
the worldwide fallout model discussed carlier. It is assumed that all
worldwide tfallout is soluble and hence available for absorption.

The complete expression for the number of zero=time atoms incorpo-~
rated into the edible parts of a crop planted subsequent to a nuclear
attach is

P h
a
_ 8u o o w Y~ o
C = 2o 2l . + 3 Y at .
if © 5p [Ni EjNi(t)] | 1L'L‘Ni(t) atoms/gm dry welght (10)
) h=1
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Table 13

ESTIMATED VALUES OF a‘l‘ FOR SELECTED CROPS AND RADIONUCLIDES

R IR A R AL [ F Y

W
a
L.

iy

{]0-5 atoms/gm dry welght)
atoms/sq ft soil

Crop Sr-89, Sr-Su Zr-95, Ce~144d Ru~106 Cs=137

=z Corn 90 0.1 0.3 40
- ocoigh wi 90 9.0 27 450
Wheat 90 9.0 27 425

H Oat 20 9.0 27 450
Barley 30 3.0 9.0 180

Dry bean 20 2.0 6,0 800

Soy bean 20 2.0 5.0 240

Alfalfa 600 600 600 600

Clover 700 700 700 700

Potato 1 6.1 0.3 100

Green pea 6 0.6 1.8 18

- Sugar beet 1 0.1 0.3 100
Tomato 500 500 500 1,750

Snap bean 20 2.0 6.0 60

Cabbage 300 300 300 1,050

Dry Onion 1 0.1 0.3 100

- Carrot 1 0.1 0.3 100
Lettuce 500 500 a00 1,750

Apple 50 5.0 15 150

Peach 300 30 90 20¢

Orange 50 5.0 15 150

Source: Stanford Research Institute




where

i i 1 aloms /o
ag, 1% the soll upiake factor, ALoTs,

* atoms o 50l

cb 1s the soll density~depth or mixing factor

* o B 4 < . - e a i s i . -

Hi i the number of available ith nioms sg ft of zoil from
previous Tocal faltou

4] . . . 7 -
Ni (L) ig the nunber of avallable 1th atoms’/sq 't deposited as

worldwide Injloni. The summation fTvrom o e p (i, , from

attack to planting) is the cunulative amount avaltlable for
root uptake; the summation from h=-1 te h (l.e., over the
last month before harvest) Is the amount respouszible {or
follar contaminat fon

Interrnal Contamination of Plants

The uptake of radionuclides from faillout by plants through their
vroot system would be the major path of food contamination in the loug-
term period after o naclear war.

The major factors that influence the uptake of radlionuclides by
plants through their root system are (1) physiochemical properties of
the radioclement, (2) plant species, (3} soll type, and (4) soil manage-
ment practlices.

The assimilation of nutrilents, or inorganic ions, by the roots of
plants usually involves soluble exchangeable ions in the soll. When new
ions, from a mineral fertilizer or from fallout particles, are introduced
into the soil, they compete with and replace other lons on exchange sites
in the soil. In some reactions with the soil, the new ions become non-
exchangeable, and, to the extent that these reactions occur in a soil,
some portion of the radioelement becomes unavailable for uptake. Thus
the types of interactions that occur between the soluble radionuclide and
the so0il constituents determine the availability of the radionuelide for
uptaite from the soil. The model for this mode of food contamination is
discussed in detail tn References 52 and 54.

General Madel for the Internal Contamination of Animals, Fowl, and Fish

Estimates of the amount of radionuclides in meat and eggs were made
by means of a simplified assimilation model. The major simplifying assump-
tion for the model is that the nuclide is assimilated by a body organ at
the time of ingestion. Also, in the model, it is assumed that a constant
fraction, ril’ of the nueclide ingested enters the kth organ and that,
cxecept for assignad deeny processes, Lthe ingestion rabe, U.,., of the fth
food is constant. The rate of change in le the number of atoms of the
ith nuctide 1n the kth organ (i.¢., soft tissue such as muscle), is then
represented by
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At P U, = 3y N . atowns day i)
ik ik i g AT

in which

v’ - Z‘U9, atoms/day (1)
i f if ’

and where . is the biological elimination rate constant for the organ
and radionuclide of interest. Integration of Equation 11, under the con=
dition that N.

ik 1s zero ut to {ihe time after attack at which ingestion
1s started), gives

o

N, = ik [1 - o Nkt - to)] (13)

When radioactive decay is included in the ingestion rate, Lquation 13
becomes

er-hit

N - il; i [1 - o hik(t - to)] .
ik

where ); is the radioactive decay rate constant of nuclide i and t is the
time after detenation.

For green leafy foods (such as pasture grasses) where weatheriug and

growth effects cause a decrease in foliar contamination, it was assumed
that the ingestion rate would be represented by

Aty =y 4 k(L= T
_ o] 1%a 1 w a
Uif Uif e (15)

where ts is the median or average time of ftallout arrival and k, is an
empirical decay rate constant,* The value of Nji for these loods is

* This formulation applies to the assumption that ai}

£

is removed by weathering effects with a given hall-life,
to be 14 davs (prior to the Costa Rican experience?
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the radionctivity

usually taken
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The chief use ot Eguation {3 18 (ov anelvéing date

to determine the
valuesz of rlk and xik for various radionuclides and tissues of difforent

animals.  Equatfon 14 applies to storcd loods Ter a single crop, such as
grains and hay, and perhaps to water trom exposed sources: Lhe value of
U? depends on location and crop and thus is adjusted at least on a vearly

basis. Equation 16 was restricted to follar contamination in the calcu-

lations and thus applies only to [leld crops that are standing at the
time of an attack, for local fatlout deposition, and during the
growing seasons, for worldwide falloul deposition,

following

Tha concentratlion of the radionuclide in an organ or soft
the time. t, atiter detonatjon, in the case whove tha
human fopd, 1s given by

tissue at
tigcue is used as a

N
ik o,
" m—k- atoms gm (172

where m, 1is the mass of the tissue that containa the Nik wtoms,
A

For food products that are praduced by an animal at an average (dajly)
rate in which the concentration of the nuclide in the product (ulllk
cows and eggs [rom chickens, {or cxample) is controlled mainly by
nption ol the nuclide from

From

the olimi=
{4 imwerv) bLody organs or tissues, Lhe rate ol
chonge of the number of atoms in the secreted product is represcented by

7 = f 1) g 4
def’dt 'll“ikle atoma/dny (18)

vhere {it is the {raction eof the amount climinated from organ k that onters
Lhe food product.

intornal Contaminition of Antmals (Meat and Milk)

The analysis ol data for determining fik and . from experiments in
which g single ingestion (1.0.. dage) 15 administeoved to animalsx
ried out using the following modal equations. The number of
Lime in an organ in

was cnr-
aloms at any
the simpllitied model for the single tngestion case

(not accounting tar radioactive decav) is

roprosented by




LAY (19)

)

Y

where Uy is the number of atoms ingesied and flk is the fraction that is
assimilated {(ianstantancously) by the kih organ. 7The number of atoms elim-
inated {rom a Lody organ li u secrcied product {ior example, in all the
egrs produced by o chicken) between to and t 1s then

-

e =Vt - t )’ o
= N - o (20}
N fiffik ) [1 [a) -

where fjp te the fraction of the nuclide. eliminated {rom organ k. that
1s incorporated into the secreted product.

For atoms that arce e¢liminated from a body organ in a sccreted product
(such as milk), the rate ol change of Lthe concentration in the prodact (as
a food) is given by

P 0%
Yol U A N (U = tg)
Ac /dt o _Af ik i ik ¢ ik o (21)
it mI

in which my is the mass of the product. Muscle, or meat, however, is
treated as one body organ (cccasionally even as whole body) so that the
concentration of a nuclide in meat is derived directly from Equation 19
by

i 00
3 “ai(t = tg)
c - ﬁlk_l_ o ik o} (

if nm

e
N
~

where m; is the total weight (wel basis) of the muscle (or whole body).

Much of the available data on the assimilation of radionuclides by
animals and fowl is reported in terms of the fraction of the dose (i.e.,
amount of the nuclide ingested), or fraction of the dose perr unit weight
of tissue, absorbed for a single ingestion and the fractiou of the daily
dose, or fraction of the daily dose per unit weight of tissue, for a
chronic ingestlon. Theretore, the above equations are converted. lor
convenience, to the fractional notations. For the single ingestion, Fik
and F.r are designated as the fraction of the dose assimilated:; these
fractions, from Fguations 19 and 20, ave

- TP e § S C S Y, s
Fik Ni!'Li ik™ (23)
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The fractions of the dose per unii weight of tissue are, respectivelv,

F/ -¢c /U =7t /m, : . 50y
ik 1k/ . g M ATt -t (
and
ol = Qo 2= r 4 : PR . PRSI
Fie Cif/Ui £l /me at ©>> t (286)

T . R s 01 fone v gOU . o
Fhus the intercept of Equation 27 fov Cijp U;" at t = t, is et tin™e

for most data, only the value of the product, fifiir’ can be evaluated.

The fraction of the daily dose trom continuous ingestion experimental
data, using Equations 13 and 18, at steady state, are

=1 2
ik - tiw Mk (27)

and

BT = ) V)
Fir = Lyplin (28)

Certain basic relationships between animal food ingestion (or intake)
rates and their body or muscle weights can occasionally be used to estimate
values of fyy, fiffik’ or Ak if the value of one of the constants 1s
known and if the steady-state concentrations of a nuclide in both the
ingested food and the organ are known. This ingestion~ralte dependence on
muscle weight is described indirectly in Reference 11; to illustrate, let

<o 29)
me kamk (29)

where myp is the dry food intake rate, my is the muscle weight, and Kt
is a constant for an animal., Also,

U =¢C_  m, (20)

o
~!



and

‘1 - 3-
\ik ikmk (i)
The —aluc of f'k/\ik from Egquations 29, 30, and 31 Is given by
i
1 C,
iih = E—l%—- (32)
ik if fk

Values of Ay and fy for muscle tissue (meat) that were derived
from various data sources using the above~—described equations are suwmmar-
ized in Table 14, 1In spite of all the published data on Sr=90 and its
accumulation in bones, practically no experimental data have been reported
on its behavior in the other (more edible) tissues of animals. 7The average
values of ny , mf, and ka for the muscle of several fullgrown animals are
given in Table 15.

Internal Contamination of Fowl (Eggs and Meat)

The concentration of a nuclide in eggs is given by

dNif/dt
Cif = -—-E;:-g-— atoms/gm (33

in which mg is the average weight of an egg and e is the average produc-
tion rate in number of eggs per day. However, the whole egg is not used
as f{ood; only the yolk and egg white (albumen) are eaten, Howewver, the
yolk and albunen have slightly different agsimilation patterns for radio-
nuclides such as Sr«9%0, Ca=d5, and I-131.61- Therefore, ii{ the yolk
and albumen are taken together, the average concentration of a nuclide in
the two parts of the egg for a single ingestion is given by

o}

U
) i =it =t . At =~ t )]
= ume (P - ik o g - e Mk o .
Cir = W78 ;Iie [l ¢ ] +F [1 ¢ ; (34)
£ .
or
o =2yt
U, )
- - y il -
C - "1"7""—‘ P 1 - e A (L Le) - ¥ 1 = o Kt LO)] (35)
if m’.b je .l 1e J
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Table 15

MUSCLE WEIGHTS AND FOOD INTAKE RATES OF SEVERAL ANIMALS®

, K
m

m fk

: k b b -1
i Animal (gm) (gm/day) (day )
. Beef cattle 1.8 x 10° 8 »x 103 0.045
: Dairy cattle 1.6 x 10° g x 109 0.056
Sheep 2.4 x 10% 2 x 102 0.083

Swine 8.5 x 10% 4 x 108 0.047

8 From Reference 11
b Dry weight basis
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or

er°kw(to"ta)e“Xit

A F,
¢ = i . Milie [1 - o Mk (t - to)]
Mo O‘ik - kw)
A F/ .
* ik ie [1 - e }‘ik(t to)] (36)
O~k
ik w
in which
Fio = fiefix (37
and
Fie = Tirfix (38)

Also, Ayy and f;p are for the yolk, A{k and fif are for the albumen, and
m¢ is the average weight of the yolk and albumen. The weights (wet basis)
of the three parts of an egg from a mature hen are as follows: yolk—-=15
to 17 grams; albumen-~24 to 27 grams; and shell--~6 to 7 grams. The aver=—
age value of mf for use in the above equations is 41 grams. The value of
€ for laying hens may range from less than 0.5 to almost 1.0 egg per day;
an average c¢f 0.6 egg per day 1s suggested. This production rate may be
somewhat less than that achieved in a well managed poultry farm but it
also may be somewhat higher than would be obtained in the postattack
period of a nuclear war.

The general findings and conclusions trom the data on the assimilation
of radionuclides by fowl (mainly chickens) and the accumulation of the
nuciides in eggs are as follows:

1. The pattern of elimination of strontium and calcium from the hen
in eggs is about the same (see Figures 4 and 5):; however, in
some data, discrimination between the two elements is shown.

2. For both strontium and calcium, about 30 percent of the amount
ingested is concentrated in the shell of the first egg produced
following the ingestion. About 50 percent of the ingested amount
of these two elements is exccoeted (in eggs and feces) within
about 48 hours.

3. The concentration of all radionuclides {(for which data are
available) in the egg yolk increases slowiy after the start of
ingestion; for a single ingestion, a maximum concentration occurs
at about 4 days after the ingestion for cationic elements. For
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Figure 4

FRACTION OF DOSE ELIMINATED IN EGGS AFTER A SINGLE
INGESTION OF SR-90 AND CA-45%
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Figure §

FRACTION OF DOSEOEUMINATED IN EGGS AFTER A SINGLE
INGESTION OF P=32
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I-131, the maxim@n concentration in the yolk occurs at 6 dayvs
after ingestion.bs The concentration of all elements in the
shell and in the albumen is highest in the first egg and is
less in succeeding eggs. Some data (on single ingestions) sug-
gest that the concentrations of strontium and caleium in the

§ egg become constant (or decrease very slowly) after about 3

% weeks. No experimental work has yet been carried out long

% enough to establish whether the concentrations do level off,

. If this occurred, the concentrations in eggs for a continucus

£ ingestion of radioactively contaminated food would increase for
: & long period of time. The simplified radionuclide assimilation
é model then would not be applicable for describing the situation.
]

The model cquations do not represent the described buildup of the
concentration of strontium and calcium in the egg yolk. The siow buildup
of the concentration in the yolk, compared with the rapid assimilation in
the eggshell, suggests that a two-stage exchange process occurs in the
hen as the yolk forms. That is, the release of the elements utilized in
the formation of the yvolk is controlled by other bedy organs (which had
previously assimilated them). A more complicated mathematical model is
required to describe such a process; this type of process has been repre-
sented by model equations for the concentrations of radionuclides in milk
from the cow; a similar derivation could be made for egg production.

RTINS

e Bt

Wbt by

A summary of some derived assimilation model equation constant values
for poultry and eggs is given in Table 16. While the use of the derived
values of the equation constants in the equations should reproduce the
data from which the equation constants were derived, the poor quality
and limited scope of the original data limit the extrapolation of the
data (through the model equations) to order-of-magnitude estimates for
the concentrations of the listed radionuclides in the edible parts of
poultry and eggs.

Internal Contamination of Fish and Other Aquatic Organisms (Meat)

"

i

The assimilation of radionuclides by fish is complicated by the fact
that the fish would live in contaminated water as well as ingest contami-
nated foods. Also, other forms of aquatic organisms in the water and the
material containing the water (soil minerals, rock, etc.) will assimilate
or adsorb otherwise soluble radioelements from the water in competition
with each other. Since, in most data, the two uptake processes (absorp-~
tion and adsorption) are not separated, the gross assimilation of a radio-
E nuclide is given in terms of a concentration factor or uptake contamination
' factor. It is designated as awpy and is the ratio of the amount of a radio-
element in atoms (or as activity) assimilated per gram of muscle (or other
body part) to the concentration of the radioelement in atoms (or as activity)
per milliliter of water at equilibrium. However, it may be noted that very
few of the reported investigations actually show the necessary data to
establish the fact of equilibrium for a given particular experiment. Thus

some variation in the derived awU values is due to measurements of non-
equilibrium systems,

bl
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Because of the complexity of natural food chalns or Food webis within
an aquatic enviromment, the observed values of the uptake contamination
factor for such systems are restricted to the type of enviromment lor
which they were obsecrved,

The concentration of a nuclide In the fish, or organiam. as a food
is given by

C e (39)

if “wu

where ciw 1s the concentration of the nucllde in the water at a =icady
state (o1 equilibrium) and ayy 18 tn wl/gm (usually wet welght bagis).

Values of ayy of Ce-137 for plant and animal organlsws ég an arti-
ficial freshwater pond, as reported by Pendleton and Hanson, are given
in Tables 17 and 18, respectlively. IL may be noted that the ayy values
for the two herbivorous fish are very high. In the reported experiment,
only 5 percent of the injected Cs=137 remained in the water at 5 hours
after addition, and at 5 days, only | percent remained in the water.

The Byy values of the algae, snails, and tadpoles were in excess of 100
within 2 howrs after injection of the Cs=137. The ayy velues of Table 17
are generally higher than most other reported values,

Values of ayy of Sr—~80 for freshwater organisms in Perch Lake,
Ontario, Canada, as reported bv Ophel are listed in 1lable 19,

The contamination factors of aquatic plants, in a more detailed
study of the food-web system in_ Doe Run Creek, Meade County, Kentucky,
as reported by Minckeley et al,71 are given in Table 20, for gross beta
measurements, and Table 21, for Sr-90 and Cs=137 measwements. In this
study, the plants and sanimals are listed respectively as producers and
consumers in order of their major position in the food chain., The fish,
cottus carolinae, is carnivorous, and therefore its ayy value is much
lower than the herbivorcus {irst consumers. The second consumers may
eat both producers and first consumers (but at least partially feed on
the latter), It is seen that the contamination factor values for the
first consumers are as large as those of the producers but that the valud -
tend to decrease for the second and third consumers.

Contamination factors for several nuclides and marine microorganisms
in fresh water and seawater are given in Table 22. Two points of notice
are: (1) the contamination factors for the rare earth elements, Y-91 and
Nb=~95, are much higher than those for Cs~137 and Sr-90; and (2) the con-
tamination factors are much lower in seawater than in fresh water. Con-
tamination factors of Sr~89, Sr=-90, and Ca-45, as reported by Townsley,
for a small fish exposed to contaminated fresh water and seawater are
shown in Table 23, in these reported experiments, only the tank water was
contaminated. Although the experiments were carried out for three weeks,
equilibrium assimilation apparently was not achieved for the whole fish
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Table 17

CONTAMINATION FACTORS OF (CS-137 FOR FRESHgATER PLANT ORGANISMS
IN AN ARTIFICIAL POND

aQ

WU
Plant Organism (ml/pgm)
Net plankton 1,000 - 25,000
Green algae
Rhizoclonium and oedogonium 1,500 -~ 4,000
Spirogyra 400
Submerged vascular plants
Elodea 1,000
Ceratophylliunm 400
Potamogeton 700
Floating plants
Len na 500
Azolla 250
Emergent plants
Scirpus
Culms 50 - 90
Seeds 300 -~ 400
Typha
Leaves 200
Seeds 100
Polygonum
Leaves 600
Seeds 4100

a From Heference 69
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Table 18

CONTAMINATION FACTORS OF CS-137 FOR FRESHWQTER ANIMAL ORGANISMS
IN AN ARTIFICIAL POND

My
Species {ml/gm)
I
Snails (radix) 600b !
Arthropods ‘
Amphipod 11,000
Damselfly nymph 800
Dragonily nymph 800
Amphibians
Bullfrog
Tadpole flesh 1,000
Adult flesh 8,000
Fish
Carp muscle 3,000
Sunfish muscle 9,500

a From Reference ?9
b Ay, ~ 0.05 day”
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Table 19

CONTAMINATION FACTORS OF SR-90 FOR FRESHWATER ORGANISMS
IN PERCH LAKE, ONTARIO, CANADA®

wu b
Species (ml/gm)
Aguatic plants 280
Bottom sediment (l1-inch layer) 180
Clams (soft tissue) 730
Minnows (whole hody) a50

a From Reference 70
b Wet weight basis
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Table

GROSS CONTAMINATION FACTORS FOR FRESHWATER PLANTS AND ANIMALS
I¥ DOE RUN SPRING STREAM IN MEADE COUNTY, KENTUCKY®

o}

peciles

Producers

Cyanophyta (phormidium and oscillatoria)
Rhodophyta (batrachosporum)

Chrysoplhivta (diatonis)

Chrysophyta (vaucherla)

Chlorophyta (dichotomosiphon, etc.)

Bryophyta (fissgidens)

Marl and contalned algae

First consumers

Amphipoda
Isopoda
Tipulidae
Chironomidae
Trichoptera
Ephemeroptera
Oligochaetn
Goniobasis

Second consumers

Plecoptera
Megaloptera
Notropsis spilopterus
Etheostoma flabellare

Third consumers

Cottus carolinae

b

Ly
mlsgm)
Station I” Station 1vY
1,400 950
170 -
11,3002, 700 H50
860 880
1,000 950
pEo -
-~ 400
340 2,000
2,600 2, 100
590 200
- ] ] 500
2,000 400
- 1,600
- small
220 380
- 1,900
- 1,300
- 160
- 270
130 110

In terms of gross beta activity, which was mainly Bi~214;

from Reference 71

Station 1 is at the creek source;

downstream from Station

70

Station IV ijs

about 5 miles



Table 21

CONTAMINATION FACTORS FOR THE ASSIMILATION OF SR-90 AND CS-~137
IN FRESHWATER ANIMALS
IN DOE RUN SPRING STREAM IN MEADL CGUNTY, KENTUCKY"

Swu
(ml/gm)
Speciesn Sr-90  Cs-137
Firat consuwners
Amphipoda (gammarus) 30 440
Isopoda (aagllus) 1,100 1,200
Tipulidae 3,300 1,000
Trichoptera 1,200 920
Ephemeroptera 1,500 720
Oronectuz rusticus {craylish) 570 290
Svcond consuners
Plocoptera 1,000 780
Ethoostoms [labellare (fish) - 560
Cumbarus bartoni (erayfigh) 130 67
Third consumers
Cottus carolinae 130 67

A Froim Reference Ti



Table 22

CONTAMINATION FACTORS OF SEVERAL RADIONUCLIDES
FOR MICROORGANISMS IN AQUATIC ENVIRONMENTS

a

Organi s Nuclide (ml/gm)a Reference

Fresh water

Bacteria Cs=137 15~26 75
Chlamydomonas sp. Cs=-137 28
Platymonas elliptica Cs=-137 50
Y~91 53,800
Nitzchita sp. Cs~137 100
Ochromonas sp. Cs=137 980
¥-91 46,600
Nb=-95 83,700
Seawater
Bacillariacae Cs=-137 1.2-1.7 76
Sr-90 17
Ce=144 2,000
Chlorophyceae Cs=-137 1.3-3.1
Ce-144 2,400
Rhodophyceae Cs-~137 1.3
Open sea phytoplankton 77
G. simplex (48 hour) Sr-90 19
Y-90 360
K. rotundata (48 hour) Sr~90 380
Y~-90 ~ 0

a Wet weight basis
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Table 23

: EFFECT OF ASSIMILATION TIME AND WATER ENVIRONMENT
§ ON THE CONTAMINATION FACTOR OF FISH®

a

WU
: Iime of (mi/gm)
i Contact Fresh Water Seawater
: (days) Sr-89 Sr-90 Ca-45 Sr-89 Sr-90 Ca-45
1 9 - - 0.8 - -
2 9 ~ - 0.3 - -
4 18 - - 0.7 - -
7 - 24 29 -~ 0.8 1.4
8 22 - - 1.0 - -
14 - 44 78 - 1.5 3.0
16 49 - - 2.0 - -
21 - 67 106 - 2.7 4.4

Fresh Water

Sr-89 and Sr-90: ayy = 3.1 t, t =0 to 21 days
Ca-45: ayy = 5.1 t, t =0 to 21 days

OR = aWU(Sr)/aWU(Ca) = 0,62

Seawatqg
Sr-89 and Sr-80: ayy = 0.13 t, t = 0 to 21 days
Ca-45: aWU =0.21 t, t =0 to 21 days

OR = aWU(Sr)/aWU(Ca) = 0.62

Both Elements, (fresh water)/a (seawater) = 24

Bwu wu

a Tilapia mossambica; from Reference 72
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because the ayy; values increased throughout the course of the experiment.
However, at all times, the contamination factor for the fish in fresh
water was about 24 times larger than for the fish in seawater.

The contamination factors tor several marine animals in seawater,
with and without contact with clay materials, are given in Table 24, as :
reported by Duke et al.’3 Because of the short exposures (24 hours) no :
assurance is given that the ayy are equilibriwn values. :

Experiments on the force-feeding of growing rainbow trout with Sr-90-

contaminated feed for 21 days, as reported by Nakatani and Foster, 4 yesult
in the following average concentration intake-rate ratios:

Cyg (Whole body)/UgO = 0,097 + 0,010 days/gm of fish (40)
and

€0 (muscle)/Ugo = 0.0055 £ 0.0020 days/gm of muscle (41)

In the same experiments, data were obtained on the lethal uptake concen-
trations; at a feeding rate of 0.75 mc of Sr-~90/day, the following killing
rate (in excess of normal) was observed: 20 percent dead in 17 days, 50
percent dead in 21 days, and 100 percent dead in 25 days.

Although the reported data reviewed to date on the assimilation of
radionuclides are entirely unsuitable, from both a coverage and a measure-
ment accuracy point of view, for the evaluation of assimilation models,
the following awu values are tentatively selected for use in estimating

the contamination levels of fish food, given the concentration of a nuclide
in the water:

wu
(itoms/gm muscle)
atoms/ml water
Species Cs-137 Sr~=-90
Fresh Water
Fish (herbivorous) 1,000 100
Fish (carnivorous) 70 8
Clam 2,000 700
Seawater
Fish (herbivorous) 2 4
Fish (carnivorous) 0.5 0.3
Shrimp 2 5
Oyster 2 5




e

Table 24

At Lo T L L [l

CONTAMINATION FACTORS FOR SEAWATER MARINE ANIMALS®

e

a
wu b
Animal Nuclide (ml/gm) Animal Part
Feed only (force-fed)
Fish (Fundulus similis) Cs-137  0.38(s)°  Body
Contaminated enviromnment {24 hours)
Fish (Fundulus similis) Cs=137 0.19(s) Body
Cs=137 0,50 Body
Shrimp (Palaemonetes pugio)} Ce-137 1.87(s) Body
Cs=137 1.93 Body
Ca=45 6.13(s)?  Body
Ca~45 4.42 Body
Oyster (Crassostrea virginica) Cs=-137 1.80(s) Seft tissue
Cs=-137 1.56 Soft tissue

a From Reference 73

b Wet weight basis:; 24-houi exposures

¢ (s) indicates contact with clay

d Aik = 2.5 day - (gross elimination rate into clean seawater)
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It is expected that these a values, based on partial analysis of
incomplete data, could be reviseguas the data summaries and analyses

: become more complete. Also, the model for estimating the uptake is not

; fully developed conceptually. Additional data on relative populations

of producers and consumers in selected environments are still needed.

For example, if the fish population were n, fish/ml and there were no

other competitors present for taking up the radioactive atoms, ithe average

whole~body concentration would be given by

(o]

a,, C
®ik T 1 +‘:1U - (42
: 1k"v?wu

where ng is the initial concentration of the water, as computed from the
fallout deposition model, and mj) is the average weight of the fish. It
can be seen that the distribution of the C¥, atoms deposited in a real
marine enviromment is a complicated function of the bioclogical community,
including the dietary habits and the reproduction and growth patterns of
each member.

A ] S R
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Absorbed Dose for Humans

TR 1

e 11

Once estimates have been made of the human ingestion rates, Ui’ of
each radionuclide, i, to be considered, it is possible to generate reason-
ably reliable estimates of the dose to any organ, k, from each nuclide.
Thece estimates are based on simplified representations of the human in-~
gestion, organ assimilation, and body elimination processes. These rep-
resentations are muci the same as those postulated by the International
Committee on Radiation Protection, and much of the data on the model
parameters is taken from their report.

ey

There are two major divisions of the absorbed dose model. The first
- deals only with those organs in the gastrointestinal tract. The assump=~
- tions of this model, as given in a separate Stanford Research Institute
report, 8 are;

1. The absorbed dose (in rads or rems) of each gastrointestinal
(G1) tract organ is equal to one-half of the absorbed dose
- calculated for the contents of that organ,

2, No radioactive atoms pass across, or through, the wall of the
stomach and large intestine.

3. A given fraction of some of the soluble radioactive elements
passes across, or through, the wall of the small intestine as
long as the contaminated food (or water) remains in this organ.
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4. The contents of the digestive tract move continuously from one
organ to the next at rates (and in amounts) determined by the
intake rate assumptions of the model.

5. The radioactive atoms are uniformly distributed among the organ's
contents as soon as they enter that organ.

6. The steady-state concentration of a radionuclide in the contents
of a given GI tract organ is reached, after first entry of the
food (or the contents), in a time equal to the average time that
the contents normally stay in the organ, This assumption is re-
quired to follow assumption No. 4 in order to adjust the concen-
tration to the condition for a uniform rate of ingestion.

The second model deals with all of the remaining body organs, includ-
ing the total body considered as one organ, Using the results of the gas-
trointestinal~tract model, it assumes, in addition, that a given fraction,
fik, of the amount of radionuclide, i, entering the blood at any time is
immediately taken up by organ k. Furthermore, it is assumed that the in-
stantaneous rate of elimination of the nuclide is proportional to the
amount of that nuclide present in the organ at any time. The proportion=-
ality constant is Aji, the biological exchange rate. However, in calcu-
lating the rate of absorption from the blood, only the material entering
the blood from the smail intestine is considered; no provision has been
made to consider the possibility of the recycling of materials excreted
from other organs into the blood.

With these assumptions, it is now possible to write down a simplified
differential equation for the number, Nik(t), of atoms of a particular
radionuclide, i, in an organ, k, at time t. This equation is

dNik(t)

at = g(t) - uNik(t), t, st st (43)

b

where g(t) is an uptake rate function whose form depends on the organ
involved and the time period, t, to ty» for which it is valid. The
equation also involves an elimination rate corstant, p, which is the sum
of the radioactive decay constant, Ay, and some number of biological or
physical decay rates, any or all of which may also be zero. In order to
solve Equation 43, it is also necessary to specify an initial condition,
which is usually taken to be Nik(ta). With this initial condition, the
solution can be written in the completely general form,

t

- _ ) -p.(t
N (8) = ft gt )e

a

g + N, (ta)e'“'(t = ta) b st st (44)

k b
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There are usually at least two time periods to be considered in the
calculation of Njk. The first begins when the first radioactive material
reaches the organ (i.e., Ny (t,) = 0) and is called the buildup period.
This period ends either (1) when the organ reaches a state where food and
radioacitve elements leave the organ at the same rate they enter, as in
the digestive tract, or (2) when the blood concentration has stabilized,
except for radioactive decay, as for the remaining body organs. At that
time, the uptake rate function, g(t), changes, and the steady=-state period
begins., The latter is usually of indefinite duration; i.e.. it holds for
all t & t,, where tb is the end of the buildup period.

As an example, consider the stomach as the organ of interest. A
radionuclide, i, enters the stomach in food and water at a rate of Ui
atoms per day. (In the simplest case, U; = Uge'kit, where U? is a zero-
time ingestion rate.) TFor this case, the rate of change of the number of
atoms of nuclide i in the stomach is represented by

dNik
el Ui - xiNik’ to stst (415)

By the second assumption, only radioactive decay depletes atoms in
the stomach. The times, t. and tl, are the time that ingestion of radio-
active food begins and the time that the stomach begins to pass this food
to the small intestine, respectively. The solution, in the simplest case.
is

_ (o] - ‘Kit -
Nik = Ui(t to)e , to st < tl (<16)

in which N, (t5) has been set equal to zero,
In the steady=state peiod, as many nuclides leave the stomach and

enter the small intestine as enter the stomach so that g(t) becomes zero
and

t >t 47)

Again, the simplest case has the solution

O -5t
N = t . - t 1 t > <
ik - Uiy Tte Tt =t (48)
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in which N (t.) has been set equal Lo v -~ t )enxitl‘
ik 1 i1 0

For solutlions for other organs and for absorbed dose fuictions asso-

ciated with the presence ol Lhe radionuclides in each organ, see Hefer-
ence 38.

Loug-Term Human Response te lonizing Radistion Doses

The currently available cstimates of the long=term bilological response
to ionizing radintion doses are sunmarized below as a function of the
exposure and/or absorbed dose. It is not possibte to specify the distri-
bution of long-term doses in the populution without detatled knowledge of
the living routines and the environment of the population. lHowever. it
15 possible to specify an upper limli Tor absorbed doses Lhat should not
be cxceeded {f people are to avold cnrly effgets of radiation. An ERIDmax)
of 200 roentgens is generaliy considered to be the threshold for carty
ef feets of radiation, Unfortunatelv. the LRD $=s neither o mearurable
phenomenonh not very convenient to use in some applications, Hence. a
consistent and coavenlent set of criteria. using measwrable phenomena, was
developed to approximate the 200 roentgen ERD(max). Using these criteria,
civil defense programs would be designed Lo limil radiation exposures to
190 roentgens in 1 week, 270 roentgens in 1 month, and 700 roentgens in
1 yoar. Only people who roslde 1n arcas having very high levels of fall=
out. or who are required Lo operate vilal syvatems in such areas, should
appreach thege limits, The response data and estimates of the long=term
effecls at the threshold doses tor short=term effects are given in the
following summary (for cach long=term response), as obtained from Reley=
ences 78 through 81,

Leukomin

o= 1.2 x 10°8¢p - 100N cases/yr (19)

vhere b is the external dose in roentgens recaived by the nwiaber of people,
No, so exposed over the time of 1 yvear.

. -5 )
ns e 5,0 % 10 NT cases’yr (50)

. O
where n,. is the normal incidence rate and Ny is the total population  the
rate doubling dose is about 150 roentgens.

.. ) -
hos 1.2 410 ’(()b =~ 1.000)N  cases/yr (51)



where Db is the absorbed dose ln trem to the whole skelecton from radio-
nuclides assimilated by the bone.

Exposure to 700 roentgens of external gamma radiation within 1 year
would result in 720 additional cases of leukemia por year per million
peoplie expusod us compared with 50 cansca per vear per million people in
the peacetime population,

Bone Tumora

. -7 -
n, = 2.0 x 10 (D - IOD)LG casos/yr (52)

R, = 2.0 x m"’mb - 1.500)N_ cases/yr (53>

Expoaure to 700 roentgens of external gamma rvadiatlon withln | year
would roesult in 120 additional cases of bone tumors por vear per million
people oxposed.

Sterility and Fertility

Single Exposure Dose
to Gonads®

(roentgens) Response
2% Threshold for detectable temporary

tissue damage

100-200 Temporary subfertility

200=400P Temporary sterility in most men and
women for 1 to 2 vears

400-800Y Permanent sterility In many pooplo

= 800 Permanent storility in mesgt people

@ Response 18 more preodominant at the lower dose whon roceived
al low dose rates over a leng period of time.
b A whole-body dose of thes¢ amotuiits would bo lethnl.

Whole-body doses that would accompany a short-term dos¢ of 200 roent-
gens to the gonads (threzhold dose for temporary stertlily) would exceed
the exposure dose criterion of 190 roentgens In 1 week. Permobent stertigty
should not bhe expected in many henlthy survivors ns a result of external
gamma vadiatioen to the gonads resulling frow radioiogical fallout since
the threshold doses for this rosponse are in the lethal range.
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Radiation Cataracis

Exposure Dose

(roentpens) Response
200 Threshold dose for o single exposwe
400 Threshold dose for exposures of 3 to 12
wveeks duration
350 Threshold dose for exposures of more
a than 12 weeks duration
300 Threshold for clinically significant

cataracts, single cxposure

a A whole=body dose of this amocint would be lethal.

The thresghold doses for radiation cataracts are comparable to the
maximum permissible doses for emergency operations developed In this
research. The threshold for ciinically significant cataracts is compar-
able with the criteria for fatal radiation doses. Hence, although some
development of radiation cataracts is to be expected, relatively few
ghould be clinically aijgnificant.

Shortening of Life Spnna

Briefl doses:

~AY/Y = 8 x 10°°D; D < 150 (54)

wvhere D 18 the exposure dose in roentgens and =AY/Y is the fractjonal
dacroase in 1ife span.

. . L | .
=AY/Y = 1.2 = 10 Texp(0.0128 D), 150 s D < 500 (55)

A AY/Y 18 taken as the midrange vajue for those estimated &s being appli-
cable to a given exposure=dose range: in all cases. the spread in the
roported -AV/Y values is within © 0.5 AY/Y as calculated from the
formula.

H1




o

One=-month doses (approximately):

-a¥/Y = 8 % 10°°D; D s 150 (56)

-AY/Y = 3.4 X 10-3exp(0.0057 D)+ 150 < D < 1,000 (57)
Protracted dose {(many months):

-AY/Y = 8 x 10°°D; D £ 2,000 (58)

Exposutre to 190 roentgens in 1 week or 270 roentgens in 1 month would
shorten the life span of individuals so exposed by 0.015 percent, or up to
1 year, depending on the age at the time of exposure. Exposure to 700 roent-
gens in 1 year would shorten the life span of individuals exposed by
0.0566 percent, or up to 4 years, depending on the age at the time of
exposure.

Genetic Effectsa

Persons with impaired vigor or fertility:

n = 6 X 10-3N'D cases (59)
a a

where D is the exposure dose in roentgens and Né is the number of pro-
ductive parents that have received the exposure dose, D, up to the time
of conception and that produce offspring at an average rate,

a Values of n, are for' the number of cases over many succeeding genera-
tions where all original parents receive the dose, D; the equation
constants were derived from midrange values of reported estimates of
genetic effects, with the spread in the latter being within a factor
of 2 of the midrange value. The upper limit value of D is not speci-
fied, but it is assumed to be equal to the threshold dose for lethality
of the parents. To estimate the effects for the first generation,
divide the calculated n, values by 30.




Fetal or neonatal deaths:

R R R L Ga e LTy

n = 3 x IO-SNQD cases (60)

where NS is the number of conceptions for pecovle having received the
exposure dose, D (normali number is 0.1 Nb).

Stillbirths and early childhood deaths:

n =1x LO—JN'D cases (61)
¢ ¢

where N’ is the number of pregnancies for parents that have received the
exposure dose, D (normal number is 0,05 Nc)'

Infant mortality during first year of life:

- 4 ’
= 1.3 x D 6
n, 1.3 10 Nd cases (62)

where Nd is the number of parents that have received the dose,

D (normal
number is 0.026 Ng).

Major defects in newborn:
-4, .
n =3 X 10 N'D cases (bs)
e e

where Né is the nunber of live births from parents that have received the
exposure dose, D (normal number is 0.025 Ne).

Exposure of both parents to 700 roentgens would result in about
140,000 cases of impaired vigor or fertility per million parents in the
first generation. If the entire population was exposed to 700 roentgens,
a total of four additional offspring per originally exposed normally
productive parent would have impaired vigor or fertility over many suc-
ceeding generations.

Exposure of both parents to 700 roentgens would result in increasing
the fetal or neonatal death rate frow the present 10 percent to 17 percent
in the first postattack generation. If the entire population were exposed
to 700 roentgens, a total of two additional fetal or neonntal deaths per

conception by originally exposed parents could he expected over many gen-
erations,

#H3
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Exposure of both parents to 700 roentgens would increase the still-
births and early childhood deaths from the present 5 percent to 7 percent
in the first generation. If the entire pcpulation was exposed to 700
roentgens, one additional stillbirth or early childhood death per concep-

tion by the originally exposed parents cauld be expected over many gener-
ations.

Infant mortality in the first year of life would increase from
26,000 to 29,000 per million parents in the first generation if boih
parents are exposed to 700 roentgens. If the entire population is exposed
to 700 roentgens, infant deaths could be expected to increase by 91,000
per million originally exposed parents over many succeeding generations.

If both parents are exposed to 700 rcentgens, major defects in new-
horn infants could be expected to increase from the present 2.5 percent

to about 3.2 percent. If the entire population were exposed to 700 roent-
gens, 210,000 additional birth defects could be expected per million live
births in the first generation. Unfortunately, no data are available for
estimating the genetic effects that might resuit from mixed doses (e.g.,
ohe parent being exposed te 700 roentgens and the other having no axposure).

Gut Response, Internal Emitters

Absorbed Dose

(rads) Response
100 Threshold for nausea, vomiting
1,000 Threshold for L{umor production
1,300

Threshold for acuto radiation injury

In the cases considered in the thirvd section of thie yeport, the

absorbed dose to the lower large lntestine was well below the threshold
for nausea and vomiting.

Thyroid Response, Internnl Emittorau

Abgorbed Dosc
(rads)

10,000 ¢+ 6,000
80,000 ' 20,000
180,000 « 50,000

Rogponso
Threshold for hypothyroldign
Central doatructlion of thyrold
Comptote doateuction of thyrotd

i For adult humans,

Infant Lhyroldes are moro highly susceptiblo to
domage;

Lhreahold vxposwre doge for carctnoms In the thyrotd ol
children and yvoang adults Cor a bDrief exposura {s about 200 rocnlpgens,

K4
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In the cases considered in the third section of this report, the
absorbed doses for adult humans were less than the threshold for hypo-
thyroidism. An external dose that would result in a bricf exposure dose
of 200 roentgens to the thyroid of children would exceed the selected
whole~body exposure dose criterion. uarger brief-exposure doses would
result in the whole~body syndrome.

Computer Program Data Base

Diets, Crop Yields, and Planting and Harvest Dates

In order to apply the derived contamination and other model equations
to an attack on the United States, it was necessary to set up an agricul-
ture and livestock data base, The county was chosen as the smallest geo-
graphical division2 dictated by the data base in the U.S. Census of Agri-
culture for 1959,

Accordingly, each of the 3,07) counties in the United States was
assigned an identification number, and the centroid was located in both
Universal Transverse Mercator and latitude and longitude coordinates. 1In
the case of 90 large western U.S, countier, the agricultural centroid was
chosen,

The following types of data were then recorded for each county!
(1) acres to each of 48 crops; (2) plant-harvest dates for each crop;
(3) acres to pasture; (4) mean annual rainfall; (5) exchangeable Ca™"
in soil; and (6) number of cattle, milk cows, swine, sheep, and chickens.

Crops were included on the basis of importance in the 1955 U.S. diet83
and importance as fodder. The major food items (of all kinds), abstracted
from Reference 83, are shown in Table 25; the crops selected for this study
arc shown in Table 28, together with currently representative yields., Fo
this study, “"crop" means a particular planting of a given item {(e.g., sum-
mer carrvot is one crop and winter carrot is another). This was necessary
in order to properly assign plant-harvest dates and acreage. For this
rcason, the 22 items listed in Table 26 multiply into 48 crops.

Planting and harvesting dates were mec~ssary in order to determine
(1) whether a crop was standing at the time of attack, (2) if the dose to
farmers would have precluded harvesting, (3) if the land could have been
cntered at the next scheduled planting, and (4) the times over which
woridwide fallout was to be integrated for root uptake and foliar contami-
nation asvscgsments, Those plants that stand al)l of the time (such as
altalfa, timothy, and the fruit trees) were assigned a "planting" date ot
1 day aftor tho harvest date.

Plant=harvest data were taken primarily from Reference 84, with sup~
plomental Information from References 85 through 90. Representative values
of planting and harvesting dates by <rop are shown in Table 27, although
tha particular vaives entered in the computer program actually varied
conslderably from one county to another.
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Table 25

CONSUMPTION OF MAJOR FOODS PER PERSON
IN THE UNITED STATES

1955

Item

Milk, all forms
Meat, poultry, and fish
Beef
Pork
Lamb and mutton
Poultry
Fish all kinds
Wheat
Potato
Sugar
Orange
Fat and oil
Egg
Tomato
Sweet corn
Bean
Apple
Grain other than wheat
Lettuce
Grapefruit
Melon
Cabbage
Peas
Onion
Peach
Carrot

a Table weight basis

86

Consumption
Rate

(gm/daz)a

633
233
81
74
6
46
26
194
117
81
64
58
55
43
42
34
29
28
23
22
22
19
15
15
14
13



Table 26

YIELDS OF SELECTED U.S. CROPS>

1962
Fresh Yield
Crop (tons/acre) Notes
Leguminosae
Pea (Pisum sativum) 1.0 seeds
2.5 pod and seeds
Bean (Phaseolus vulgaris) 0.75 dry
2.5 snap and wax
Soybean (Glycine max.) 0.75 seeds
2.5 hay
White clover (Trifolium repens) 2.0 hay
Altalfa (Medicago sativa) 2.3 hay
Gramineae
Sorghum (Sorghum vulgare) 1.1 grain
2.0 foliage
Corn (Zea mays) 1.4 grain
1.75 ear
Oat (Avena sativa) 0,64 grain
2.0 hay
Barley (Hordeum wvulgare) 0,75 grain
Wheat (Triticum vulgare) 0.75 grain
Timothy (Phleum fratense) 2.0 hay
Chenopodiaceae
Sugar heet (Beta vulgaris) 17
Amaryllidaceae
Onion (Allium cepa) 13 dry
Cruciferae
Cabhage (Braszica capitata) 16

a TI'rom Reference 85
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Table 26 (concluded)

Crog
Rosaceae

Apple (Malus and mill.)

Peach (Prunus persica)

Rutacceae

Orange (Citrus sinensis)

Umbelliferae

Carrot (Daucus c-rota)

Solanaceae
Potato (Solanum tuberosum)

Tomato (Lycopersicon esculentum)

Compositae

Lettuce (Lactuca sativa)

88

Fresh Yield
(tons/acre) Notes

0.145 tons/tree
0.048 tons/tree

0.125 tons/tree

9.6
10




Tahle 27

AVERAGE PLANTING AND HARVEST DATES, BY CROP

Day of the Year

CroE Plant Harvest
Corn 136 289
Sorghum 163 288
Wheat, winter 278 190
Wheat, spring 110 228
Oat, winter 281 163
Oat, spring 98 198
Barley, winter 278 173
Barley, spring 105 216
Dry bean 152 258
Soybean 147 285
Alfalfa 205 204
Clover and timothy 198 197
Oat and other hay 98 197
Potato 130 252
Green pea, spring 89 165
Green pea, summer 119 197
Sugar beet 112 289
Tomato, winter 349 60
Tomato, spring 50 150
Tomato, summer 135 224
Tomato, fall 156 252
Sweet corn, spring 46 144
Sweet corn, summer 136 232
Sweet corn, fall 232 316
Sweet corn, winter (Florida) 319 66
Snap bean, winter 362 45
Snap bean, spring 80 152
Snap bean, summer 145 223
Snap bean, fall 231 294
Cabbage, winter 308 43
Cabbage, spring 28 134
Cabbage, summer 135 230
Cabbage, fall 187 224
Dry onion 95 243
Carrot, winter 290 43
Carrot, spring 22 132
Carrot, summer 140 243
Carrot, fall 210 320
lettuce, winter 286 24
lettuce, spring 344 107
Lettuce, summer 125 200
Lettuce, fall 220 315

89




Table 27 (concluded)

Day of the Year

Crop Plant Harvest
Apple 251 250
Peach 222 221
Valencia orange (Arizona) 62 61
Valencia orange (California) 202 201
Valencia orange (Florida) 110 109
Navel orange (Arizona) 365 364
Navel orange (California) 46 45
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Foliage Contamination and Crop Casualty Program (local Fallout)

Using the inputs described, and the dose criteria established else-
where in this report, the following computations were made [or each
crop~county combination:

1. Total acres devoted to crop.

2. Cumulative harvestable acres oun which foliage was contaminated
to a given level {(atoms/gm) for each of six radionuclides.
These were cumulated, by acres, for a selected series of con-~
tamination levels in atoms/gm.

3. Acres destroyed by direct external gamma radiation, using
lethality criteria described elsewhere,

4. Unharvestable acres (acres, the harvesting of which, at the
normal time, would have led to an ERD(max) greater than 200
roentgens, under the conditions described elsewhere).

5, Unplantable acres (acres, the planting of which, at the normal
time for the next crop, would alsc have led to an ERD(max)
greater than 200 roentgens),

6. Unplanted acres (acres of crop not yet planted at time of
attack).

Results were printed out by c¢rop-state, with national sumnaries for
each crop. These were further summarized nationally foir 1like crops, such
as spting and winter wheat, laboled wheat,

As mentioned previously, foliar contamination, es computed, Is the
girons suporficial number of atoma per gram of plant above ground. The
: covegaponding quaniiity Tor iho nonremovabie and absorned activity in
the fruit or odible part Ia consaidorably lower, The [ractions, I, by
which the computed values ure to bHo multiplicd to obtain edible~part
concentratlons ave glven in Table 28, Thoy were estimated {rom the fol-
lowing allowances!

Root vegotabloes: Ne direct relation botweon top contamination
and root content, but 0,1 of feliar contaming-
tion nllowed for unavoldabie contamination n
harvesting and 0.1 for processing

ruits, groaing,

and pod vegetabicda: 6.5 for growth of the plunt (on bthe avarage)
aftor contamination end 0.01 Lo 0.02 for upanrp-
tion into ti9aue, Whoat [lowr/graln, 0.2°

Toeafy vogetablon: 0,0 for growth and 0.1 tor processing
Hay! 0.8 for growth only
i
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Table 28

FRACTION OF GROSS FOLIAR CONTAMINATION
FROM LOCAL FaALLOUT ASSOCIATED WITH LDIBLE PLANT PARTS

Ll

a
Crop fg ,
; Sweet corn 0.005
: Sorghum grain 0. 005
Wheat
Grain 0.005
Flour 0,001
Oat
Hay 0.5
Grain 0. 005
Barley 0.0035
Dry bean 0.005
Soybean 0.005
Alfalfa 0.5
Clover, timothy, and cther hay 0.5
Potato 0.01
Green pea 0.0035
Sugar beet 0,01
Tomato 0.01
Snap bean 0,005
Cabbage 0.05
Dry onion 0.01
Carrot 0.01
lettuce 0.05
Apple 0.01
Peach 0.06
Orange .01

a All nuclides
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Milk Preduction Progranm

The ceffects of a nuclear strike on the cow population and mllk pro=
duction were assessed by caiculating, on a county basis. the following:

1. Total cows,

2. Cows surviving direct gamsa radiation. The exposure dose cri=
teria for both the cow and the farmer, 1in terms of the limiting
H+ 1 intensitiva, are presented elsewhere,

3. Milk production, in liters per day, from cows surviving on
pasture land contaminated to a gilven level (atoms/gm) for each
of six radionuclides. These were cumulated in ten concentration
ranges, one~half decade wide. extending from < § X 108 to < 1013
atoms/gm. As discussed elsewhere, the pasture grasses always
survive if the cows survive.

The results were summarized by state and nation.

Postattack Crop Contamination Program

This program was concerned with the entry of radioactive atoms into
the edible parts of the crops planted subsequent to a nuclear attack.
In this study, only the first crop following the attack was considered.
Computations were made for two mechanisms of nuclide entry into the food
chain under the following conditions: (1) uptake, through the root
system, of available nuclides deposited on the soil with local and world-
wide fallout, the latter integrated up to planting time, and (2) fruit
and edible=part contamination from worldwide fallout, integrated over
the harvest month.

The areas identified as unplantable from the foliage contamination
program were excluded from the calculations of the crop contamination
levels. The results were again expressed as the number of cumulative
acres on which plants were contaminated to a given level, Root uptake
results were obtained for all six radionuclides but sufficient data for
agsessment of foliar contamination were available only for Sr-89 and
Sr~-92. State and national summations also were computed.

External Dose Criteria

Dose to Humans

The limiting external dose for farming operations was set at an
ERD(max)} of 200 roentgens. The exnternal radiation dose received by the
farmey depends on Lhe general radiation environment and the available
protoctlion he has from this environment. In this study, the two condi-
tiona of protection afforded the farmer were (1) shelters with a protec-
tior factor (PF) of 10 and (2) shelters with a PF of 1,900,
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The first condition was an assigned value that was considered rep-
resentative of currently available shelters on farms, The shelter
residual numbers, RN (residual numbers are the inverse of the shelter
PF's) consequently were 0.1 and 0.001, respectively, The gelected
maximum shelter stay time was 2 weeks. After the initial shelter period.
the harvesting residual mumbers (RN3) assigned were 0.4 for the first
condition and 0.3 for the second conditiorn. The harvesting and planting
periods were set at 1 week for all cropg. While the farmer was not
engaged in harvesting, a residual number (RN,) equivalent to a living
routine in which the farmer spent 1 hour cacli day outside of the shelior
was also assigned tc the second condition.

For the next planting, the case with the good gholter (PF = 1,000)
assumed a routine 1n which the fermer spent half the time in the aholtoer
and half the time outside, whero the offective residunl number 158 0.3
for the times after the initial shelter atay time {i.,e,, up to plunting
time). Also, i1f the estimated initianl ahelter stoy time excesdod 30 doye.
evacuation to a clean area ai 2 weeks after attack was assuned, An
B=~hour evacuation with an effoective PF of 2 was also apsumnd. I{ ares
reentry (for continued stay thereatter) was possible for the aasumed
total dose limit by the time of planting, the crop was included in the
calculation ug being planted,

If the Iimiting ERD(max) were oxprosscd In Lomis of an oXposuie
dose, D*, for a apeclfic purlod of Limg, then

# = MR I, RN, DKM 513
I H(RN!NNl llle% ‘lHqMﬁb) (i)

Ly

1

whoro Il 1 tho pliaudarvd intenaliy and DM ls the dosa #itle mltiplivr
for the apocific time period (UHM, for ahaltur porfod, UM, fo@ an Inlep=
mwadiale pertod, and DRM,, ror harvodl or lang=toimm porlod).é Alen, whurs
harveosting or planting fmmcdiatoly followa the chelluy paried, unMg = ),

Limiting 1! values were dotormined FTor various harvestlng or planting
entry timea of D+ 1 ar later, Crops nol dosiroyed by the attack and
roady for herveatl wore considered oithor harvestabls or lost, dopending
Upon whothor the oxisting fallout tovota pormitoed opr dented tha taemor
entry to harvosat al horvest timo., The following aonson's CroGnG woro
unino consldoved lost 1f the farmer (or other source al mWaRpower) would
ba denterd aven entry to plant at planting timia,  Tha PimtCtug I values

for varlous cutey Limes Tor the wwe PF conditions are it ed in table 2u.

In the caao whoru PF « 10, Ly vilues gronter than 707 ¢/hr ot t e
would glve tho famar ap ERD grsater than 200 rovintygons whtle sitbdl i
shelter,  Thersfore, tho farmor {5 onstdored apacitated o unavil )=
ahle for hurvonting or plunting | by encovde 707 70 ot L i,

|



Table 20

LIMITING I1 VALUES POl VARIOUS ENTRY TIMES

Il

v/ oot ) br)
llai'veat 6&f Irirat Planting
Butry Tinon Etgndgﬁﬁ Cigpii il Altuch
(D + days) Pr=10 Prs1,000 PFs10 Pits 1 , 600
1 408 poon 400 {,400
3 470 1,300 470 2,200
3 620 1,680 620 4. 800
; 550 7,000 HHH 3,500
H 508 8,350 B8o6 4,800
4 ik} 4,7560 836 4,300
7 870 4,300 870 4,000
" 8490 3,760 490 B, 000
] 707 4, 400 707 B, 800
10 6,000 f,700
16 7,000 7,300
an 18,000 g, 8060
00 16,600 j2. 400
100 14,000 17,6800
160 41,800 36,000
460 41,000 48,000




s Lo Form Animate and_Poulti'y

In order to assups and sunmarize biological damage to farm animnls
and poultry by rosidusl gamma radiation rrom fallout from a nuclear attack
on the United 8Btlates, 1t ia necshaniry Lo (1) define the fallout radiation
intorpity vertation within the boundarios of Line United Statos whore the
offoctp are Lo be asaonpod, (2) deturmine, from ngricultural census data,
the geographic distyibutlon of e rarm antmele of Interest, and (J) analvze
dote fram 1 and 2 together with accoptable radiatlon domw crlterin to
determine (he degree of Diologienl damapgs within preseribod areas, Cumu-

lative smpmar) oo of hiletoegioul] efifeocn aan than be oblainad by alate,
taglon, or nntion,

b o (i ilmHu"m!mmr

DT )

papHoep >

Two difrerent nucleay atlacis on the Unitoed Siates have boon postu~
: latigd for the profsnt siudy,  Kagh éol of attack conditions has been used
: a8 Ipput for n fallout model to predict radigtion intensitice that would

ocaur at I v 1 hour at one patut within epeh gounty 1n the United States,

Tho oounty wae choden gs tho barie geographic unlt boeauso agricultural
capsys datg 19 eompiled Ly couwity,

The agriceulture census of 1060 waé Lhe wource for information on the
goographie diatribution, by county, of farm anlmuls and poultry. The data
wore adapled for computer manipuletion by punching cards from published
data or, in o fow vdasea, by valipg county summary corde obtained from the
Byreau af the Censys, In all cnses, counties roporiing less than 1,000
anlmnls or uhiokons were omittod (Lo roduse machine computation time)
without moriounly affecting Lhe ammarlsed rosults,

Tabla M) provente the lethal dose valuos usoed (or dolocted farm
animnle in the preagnt guompulations Lo asswss Lhe biological effects of
the two atigoks, 11 18 regognizod Lthat wmogt of the LD /40 valuecs were
ahitatnod odperimusiaily under exponure conditions different from those
that might bo experienvud aftar a nuclear stiock, Many experimental
gxpoaurgs inveolve & mollaeneegelic radiatyon pource {single radionuclide)
whieh, for eonivonionoo, has n hali=tifo that ir long compared with the
uxposure poriod,  Buceh n source doun not atmulate fiaaton=product radia-
tian orthor in the docay of dose rate or change of energy spectrum with
timg,  Pototl vadidat lon sources havo beon used experimentally and do not
simuinto vither tho plane apurce dose Lo animnla outdoors or the complex

pxpoLLres within haerak or ohicken houses, The values for Lnﬁo/JO are
onttmitos o pueloar alinei oxposuroa .

One patnt Cusuadly Lha geosgeaphie centor) of cach county was taken
#a @ point ol itnteresl wiwre all fore antmels In the county were assumed
to Lie copcent rateod For nesosament of blologicn! ef fects of radiation
ntensitivs computesd at the same point, Although varlations in radiation
Intonsity will aceur within Lhe county boundaries, the point of ianterest

homen voproivpted the onthre county becauge detatls of animal distribu-
Chap within the county woroe not avallable,
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I



Table 30

RESPONSE OF ANIMALS
TO BRIEF EXPOSURES IN EXTERNAL GAMMA RADIATION FIELDS
IN TERMS OF LDSO IN 30 DAYS

LDSO/30
Species (roentgens)
Cattle and calf 540
Milk cow 540
Swine 510
Sheep and lamb 520
Chicken 900
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The dose contribution from cach weavon was computed for each cotntly
point by integrating a t'l‘z dose rate decay curve f(rom time of fallout
arrival to 7 days later,

This procedure assumed that the t"l'2 function closely matchad the
true fission product decay curve and that doses during fullout buildup
between time of arrival and cessation were not a slgnificant part of Lhe
total dose, The total 7-day dose used for each county point wuas the aum
of the dose contributions from all weapons wheso H -+ 1 Intensgity at tho
point was greater than 1 r/hr.

After the 7~day doses were computed for gach county poinl, lhe
L050/30 values from Table 30 were used as followa tg dotorming 1f Lhe
livestock survived:

Eb < LD%O/3O All aurvived

Zb > LDSO/JO All diad

Dose to Agricultural Crops

Table 31 presents the lothal doso values used [ue selected Famm ciops
to assess the biological effocts of tho peoaiulated nuclear witaochkn, Bome
values taken from Reference 91 may he inaccurate owing to unvertaintioes
in translation from Russian., Comparablo dats are nurpontly beinpg obiained

by A. H Sparrow at the Brookhavon Nationgl Laboratory: when theass gro
available, they will Dbe usod to replace the dosen in Table 31,

In the reported plant rosponse done dati, sumo apparant di&ePopanaise

Aot W

ceeur between tne Zd-howr doso, which oroducsd peveps damagg,

aid Lho
acute lethal dose, which had no dose ratwv spectfied, In some cases, Lho
acute lethal dosge could not have beon adniniatorad withla tho 210D growe
ing period without exceeding the constunt deds rate that would produve
severe damage in the first 24 hours, DBoowuso of Lhe unoortnin rolptions
ship between dose rates productng suverse dambge and Lhono produc ing leth=
ality in 7 daya, the ruport of agute lothnl dosee wae cut in hall ta
achieve closer correlatiob botween tho twoe dosv raige.

Most of the expevimental dosv vulues wers obianinod unday DApOBULTD
conditions different from those postuinted by & nuclesr aiinck, Kxparis
mental procedures gonorally did not atmulnie radiation From actunl fall-
out in ejther geomotric configuration sr change ni dosue rata ani T R
spectrum with time,

The abovo dose ceiiertin wore used in conjuncs jon wilh radintion tne-
tensity data obiolined from fallout moded cofculuttone lor Lhe poalylat
nuclear attacks and geogrophic crop diatribut oy dati from € hu wgricul tural
cengus Lo determino whether or nol an oxisting ¢

v

pap o oG ogivon county
received a lelhiat dose, Furiher dase crdleprti

elatbivg to hagnitne worss
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Table 31

GAMMA RADIATION SENSITIVITY OF PLANTS

7-~Day lethal Dose

Common_Name {roentgens)
Graing
Corn 7,500
Borghum (7,500)
wheat 10,000
Oat 25,000
Baricy (20,000)

Fiald Crops

Dry field and sced beans 12,000

doybean 12,000
Alfalfa 50,000
Clover and timothy 25,000
Irish potatocs 4,500
Tobacco 50,000
Greon pea 10,000
Bugar beoot (12,000)
Tomato 3,000
Sweot corn 7,500
8nnp boan (5,000)
Cobbage 50,000
Dry onlon 5,000
Carrot (5,000)
Jottuce 14,000
Pagture 7,500
Troos
Apple (5,000)
Peach (5,000)
Oorange (5,000)
Loblolly pine 7,500
White pine 7,600
Hickory < 30,000
Whito oak > 50,000
Binck oak > 50,000

)

Values in parentheses are estimated values
(nlBo Indicate plant species for which no
rosponse data have been reported): the esti-
mates were made using the assumption that
#imilar spocles have similar responses to

i given radiation dose.
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then applied; the latter govern what action (harvesting or planting) could
be taken on existing and future crops, as previously described.

Dnmqgg to Forests

Under conditions where rather extensive areas of the United States
would be subjectad to heavy deposits of local fallout, the gamma radiation
doses 1n some areas would be sufficient to damage or kill certain trece
species in forests. Although these acute radiation doses would not be
extensively damaging to the mature trees for use as lumber (at some later
time when residual radiation dose rates have decayed to a level permitting
normal logging operations), natural growth recovery of the trees wlithin
a short period of time would be doubtful above a given exposure, ag dig-
cussed in the first section of this repert. The time at which either
artificial or natural reforestation may be initiated in a given aren
would depend on the magnitude of the radiation levels and exposure dosos,

The evergreen coniferous forests which predominate in the western
United States are less resistant to radiation damage than the deciduous
hardwood forests of the eastern part of the country, The exposure dosg
criteria for recovery of forests, as given in the first section of thia
report, were utilized to delineate areas within which conifoerous foresets
and deciduous forests may not recover within a period of 2 years. The
fallout standard intensities at which forest survival would be oxpectod
are 1,200 r/hr at 1 hr, or less, for coniferous forests aud 6,000 »/hr
at 1 hr, or less, for deciduous forests.

During the time period of the study, it was not feaslble to dovaolop
the data for estimating the amount of timber in the highly contamirated
areas where many trees would likely he killed or the llkely postatlaclk
times when it would be feasible to recover and stockpile lumbor from the
killed trees., (For the attack patterns assumed in the study, 1L was
apparent that the total forest area affected by high fallout levels wna
much greater than that subjected to thermal phenomena from thoe nucloar
explosions.)
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ASSESSMENT' OF BIOIOGICAL EFFECTS

Introduction

The assessment of the biological effects mainly consists of summaries
of numerical results from computations using the various mathematical
modela and proceag representations described in the second section of
thia roport as applied to the attacks assumed for the study.

The major portions of the model system (see Figure 2) not completed
ot incorporated during the study were (1) food processing industries,
(2) tranaportatlon and food distribution systems, (3) external gamma-dose
buirdéna of survivors, (4) derived diet model, and (5) ingestion=-rate
routinea for all animajn,

In thie suction, tho ostimated biologlcal effects on humans are
limited to the computnation of the absorbed dose in esmveral body organs
from apslmilation of soveral spocific radionuclides in failout. The
apgumptions {or making these epstimates; without the undeveloped model
aystoms mentioned above, are given along with the numerical results in
the rollowlng paragraphs.

The biologionl offocte on plantg and enimals wore limited to estimates
of tho nwnbgr killed by exposure to extornal gamma radiation,

All data wero aomputed on tho bmela of state and national summaries.
Moat are reported im termo of the butionnl summaries; however, the more
dotalilud wtale summarios were rotainegd for furthor analysis as needed.

Timo=ppan limite of 20 and 69 days duration were selected for an
apsumad gonglant gonpunption rato of wiater and food with a given radio~-
nuetae concantration, This arbitiary 1lmltalion was usod mainly because
the hebavior patiovras of the radionuclide concentrations have not yet
hoon workod aut for long poriods of vilme. Quoastions rogarding the change
in the conceintrations in tho wator pupplles, as mentioned in the second
agotion of this report, are not remolvad, The lifetime of many fresh
toods, for example, is shortor than | month and cortainly no longer than
3 monthe {(oppecinlly without refrigaration), Ofher foods, such as canned
gosdo and Teultad, havo an wvorage shelif=11fo of about | year,

Thus the seleetod Limo=gpan limita for the dose compututions are a
diraci profloeetlon of tho and polnt of Ltho cuwrront model system development
at £hits time,  The neourngy and roilability of the computations up to the
eutoll pointy gre sepurate sub jocts; alihough spucification of the relia-
ptatintical and wiathomaticnl senae, attoempia wore made Lo ugo avorage
valueas al all input paramators Lhnt wora dertved from oxperimental measure-
menis or from othey consjdorations to olipinnta, Inaofar s possible,
congietont blpgos 1 (he culeulat lons,
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Water Contamination

The concentrations of six radionuclides (Sr-89, Sr-90, Ru-106, I1-131,
Cs=137, and Ba~140) in exposed water systems were computed for both assumed
attacks. No damuge restraint for destruction of the water sources by
ground shock or air-blast overpressure was included in the calculation to
verify the survival of the source(s).

Table 32 gives, for the HM attack, the radionuclide concentrations
in atoms per liter for live representative cities receiving different
levels of fallout, Tuble 33 groups all of the water supplies of the 184
communities into concountration ranges for the six soluble radionuclides
resulting from the HM attack and gives the percentage of the (preattack)
population that would ugse these waters. The percentage of the population
listed under zero atoms per liter is made up from communities that either

did not receive significant fallout or had adequate well water for emer=
gency use,

Table 34 gives, for the survivors in or near the five representative
cities, the body aud organ absorbed doses for the adult human, in rems,
computed for the ingestion of their source water at the rate of 1 liter
per day starting at 1 day and 7 days after attack, The water of the city
of St. Louis had the highest radionuclide concentrations of all of the
121 _ommunities considered._ At that city, all six radionuclides had con-
centrations ranging from 1012 to 1013 atoms per liter, For comparative
purposes, the water for Philadelphia had nuclide concentrations Between
1011 and 1012 atoms per 11terb that of Baltimore had between 1()1 and 1011,
that of Boston had between 10 and 1010, and that of Tulsa had between
108 and 10¥ atoms per liter. The dally ingestion of 1 liter of the most
contaminated water of all 181 communities in the study. from 1 to 91 davs
after attack, produced only a minimal total-body dose. The I-131 thyroid
dose, on the other hand, was calculated at 9,550 rems for this perled of
ingestion, For infants drinking 1 liter per day, the thvroid dose would
be about 96,000 rems in 81 days. 17 water was drunk nationwide during
this period at the rate of 1 liter per day, no more than 5.6 percent of
the population would have accumulated thyroid doses in excess of [,830 rems.
For the MC attack, no more than 2.5 percent of the population wus calcu-
lated to receive a 1,530=rem thyroid dose.

Table 35 groups all of the water sources into concentration ranges
for the six soluble radionuclides for the MC attack and gilves the percent-
age of the population reliant upon water with the given ranges of radio-
nuc lide concentration.

Although the nationwide ingestien dosages have not been individually
calculated for the 184 communities, the internal absorbed dosage to a
given percentage of the population may be inferred for the two attacks
by comparing the percentages listed for concentrations of radionuclides
in Tables 33 and 35 with the concentrations shown in Table 32 and Lhe
calculated dosages listed in Table 34, Also., since the nwaber of radio-
nuclides did not vary radically from ecach other and usually are within
an order of magnitude from each other fer a particular water source.
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Table 33

BOURCE WATER QUATITY AFTER M ATTACK
IN S0LUBLE RADIONUCLINE ATOMS PER LYITER
AVAILABLE 10 PERCENTAGE OFF U.8. PREATTACK POI’ULATTONu
(Porcent of Population)

Concontration Hugﬁﬂ
(ntoma/1iter)

gt

Radio~ - - .

puctida 0 10%=10" 10%107 10%-101? 10!%-i0"1 jolo1aM® 10'Pl0!
Basl40 500 1.4 1.7 8.3 20,0 15,8 6.0
Co~137 50,0 1.5 1,7 6.4 1h.7 16,7 5.4
=131 60,0 1.4 1.7 5.2 20,4 13,4 5.
Rus106 80,0 1.4 2.0 13.9 171 19,1 2.3
gr=g0 50,0 4.4 1.7 5.3 20,0 1.0 5.0
Bres 50,0 1.4 2,0 10,9 16,6 19.2 1.9

6 Aseuming the same cohoentration diatributions for the Unitoed BLutos nw
for the 184 seleoctod communiticas

b Rumber of atome at thae time of detonatlton
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Table 35

BOUNCE YATER QUALITY AFFTER MO ATTACK

IH BOLIUBLE KADIOHUCLIDE ATOME PER LITER

AVATLABLE 1O PERCENTAQE OF U.8. PREATTACK PoPUIATION"

(Papcent of Populat)on)

Concantiriallon lRenge

fadio- TR ™ 1%5'mur) il 1 0Z 07 4
nuclide 0 0 -1e 19 <6 10 =10 0 ~j0 o =30 " 1o “=jy "
Rin=140 70,0 8,3 4. G i, &, 6,4 2.8
Ca=~137 70,0 4.8 4.4 n,6 1.6 t, 4 2.5
i=14) 70.0 4.8 4,0 7.3 4.8 0.4 2.5
Ru=104 70.0 6.7 9,9 4,7 dod B, 4 I.n
8r=00 m,. o 6.8 4,8 u,: 4,0 ag,q 4.5
By~ 70.0 8,b 4,8 4,8 1.5 7.0 b, 0
o Asiuming the same concenteation disvrio 11,08 Fop the Uhdied Stales

ue for the 18 welectad communii jos



Lo s,

average fadionuc}ide concentrationa mdy be used [or comparative: purpeanss,
Table A6 biate, for oty atiaeks, the qualicy of valer {n atops per lliter
avallatile Liv viidé bowe perveaniages o the poputatlon. Alen, o referveicy,
the signhaws oqulvalont thyrFoid dorens, In vomp, fTor =131 Ingentionh al

1 t1ter ol wialer per day fot oach conceid pat bon level wero 1neluded.

The ~anieide goncenteat ons 10 the weter, from which dosages Lo
thoe adull hdinan were dorived. woere for untreatod waley, The partial re=
movial of thess radionus 1lides oF radueilion of radionualide coanegontraitiong

muy e alllalned through wator Lrealmoent.

Wnler Lyealment experimoile lovelyiag vertous goiiiula
tration melhods have pradugad raduatlon faclaes belwees 2 and 100 {ar
the vartous Padionuelides. The lewor redustion favtors reported generaily
were for vadiatadine, O Lhe olhievr hanrd, reduction Fnoetars greater than
1,000 have beon untformly ropartod for water deconlamination of many
vadlonuel tdes, excapl I=]d1, by common] y=ugad 1on oxohange methods,
Anlonic resln lon erchniagors oarv requived ve removs I=131 and othes
antonic nucldes from waler, Allheugh wator fram islea, ahd eapecially
Lrom strowns, wsunlly in processad prior to dipiribution to the publice,
Lhe provos: gonevally dovs not include 1en axchange zoftoning, JTon ox=-
chinge saftonlng 30 public eyvslome la oxtremely rare, Boftening units
do exiat 1n privatoe resildoences tn limftod pumbera throughaut Lhe vountry,
moinly whore the avalloable water 36 conslderad abjeetionably herd by
ihdividual usvre,

The water coilaminalion voaditiony ulfter Doth dttacks are summarizod
it follows!

i. A mmall pargantage of L. population would have watar contami-
natead (o prolarively nMgh leviels,

2. The deinlitng of this watary would nnt couso sickhcag or death;
latue saomatiec offoctn are unknown, nod sorloud lile somotic
ol fucte would by inmprobabie,

4. Aftor the IIM attack, B0 porcont of the populitlon would have
watai that b8 at least 100 Limes cleaner thah thnt diacussed
ithavo,

re: daposrial o these cioanor willers woild produce oniv negl -
Geee by danping,

ATt s he Mo oattnek, thaese cleaner wWalora vould be avai labile
Uik yereent of the papulalion,

'

i, Vieraoiss ae i i ol winlor {reatmont, f jostituted, would further
Vodis e Fodi o T e aseenteat cann In waler,

Yoy



Table 36

AVERAGE RADJONUCLIDE CONCENTRATION IN WATER
AVATLABLE 1O THE CIMUJATIVE PERCENTAGE OF THE POPULATION

Average Maximum
badlonucl bde Thyroid
Doncentrations Dose® Percent of Population
Soveamz /L tor) Croms ) HM Attack  MC Attack
7
ARy 0 50 70
108 0.153 51.4 76.5
109 1.53 53.2 81.8
IOLO 15.3 60,9 89.2
Tk 153 80. 2 91.6
704 1,530 84.7 97.9
3
10! 15,300 106 100

8 ¥or adult humansg, 91 day ingestion period for ingestion
starting at 1 day after attack; for infants, the dose
would be ten times these values

b The highest thyroid dos
the HM attack and 5,350
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Exter Contamination of (Crop) Plants

Foliar contamination of food crops (growing at the time of the attack)
by local fallout was calculated for "oth attacks under existing shelter
and good shelter conditions for the farmer. The results of the computed
national summaries are presented in Tables 37 and 38. A cunulative plot
of crop production as a function of increasing level of contamination
was used to obtain a maximiun contamination-level value {(atoms/gm) that
50 percent of the total (harvested) crop would not exceed. A similar
maximum concen’ration=-level value was ohtained for 90 percent of the
crop.

Good shelters would limit the early=-time radiation dose to farmers,
thus allowing them to harvest crops without receiving an exposure dose
in excess of 200 roentgens ERD(max). Therefore, the contamination levels
of the harvested foods are somewhat higher for the good shelter case
because more of the crops are harvested at the higher fallout levels.
These more highly contaminated crops, if unneeded, could be left unhar-
vested to reduce the exposure dose to farmersg; crops would not be left
unharvested because of their contamination level. In other words, the
food requirements for the survivors and the shelter available to the
farmer must be considered in setting the planned exposure-dose criteria
to farmers for harvesting as well as for planting the next crop. The
allocation of up te 200 roentgens ERD(max) in all limiting cases assumes
that the food crops would be urgently needed. The proposed U.S. Depart-
ment of Agriculture program to quarantine land on the basis of Sr=90
contamination fails to recognize the general basic assessment principles
for cousidering all facters that are critically related to national sur-
vival after a nuclear attack.

The leafy vegetables showed the highest levels of contamination; the
grains and root crops gave the lowest concentrations. The significance
o1 the foliar contamination of food crops is discussed later in this
section, where the consumption of the food in a normal diet is considered
and the absorbed dose for several body organs of humans is estimated,

The data summaries of Tables 37 and 38 indicate that the fraction of
the crop acres that could be harvested after all of the assumed attacke
is generally in excess of 50 percent. The exceptions are cabbage, sor-
ghum, dry bean, tomalo, snap bean, carrot, and lettuce; most of these
crops, with the smallest fraction harvested, arc fresh vegetables.

The initial crop contamination levels are generally higher for the
good shelter case: for the HM attack, the median (50 percent) crop con-
centrations for the good shelter recovery base are as muclhi as 45 times
those for the existing shelter recovery hase (see potato}. The exception
to this trend is cabbage. Similar comparisons between the two attacks
for the median crop concentrations give ratios, for HM recoveries to HC
recoveries, as high as 1,000 for the 10-PF shelter case and as high as
9,000 for the 1,000-PI shelter case (except c.ibbage, for which the ratios
were higher). These ratios. for most crops, are much larper than the
ratios in the total vields of the two attacks.
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Internal Countamination of (Crop) Plants

The internal contamination of plants was calculated for the [1rst
planting of all crops after the attack. Since the usssumed nttack date
was June 1, many of the crops planted after June 1, where possible. were
susceptible to internal contamination by both local and worldwide (all-
out up to the time of planting and to foliar contamination by worldwide
fallout during the month of bharvest.

The worldwide fallout component for the contamination included that
from the postulated attack on the United States and an assumed ce mlers
attack on a typical enemy. The nature of the countorattack, which was
programmed according to the worldwide fallout model described in the
second section of this report, iz given in Tuble 39. 1n the counter-

attack, & 50 pevcent fission yvield was assumed for ull weepons.

The crop contamination data for the firat crop grown after attack,
based on the national sumary of the plantecd {and harvested) acres, the
fractional crop yields, and the maximum nuclide contamination levels
at 50 and 90 percent of the harvested crop for the HM attack, are sum-
marized in Tables 40 and 41 for existing and good shelter cases, respect=
ively. The data summaries were computcd in the same way as those for
the foliar contamination. The fraction of the acres planted refess Lo
the first crop of each kind to be planted after attack, based on the
exposure dose criteria and shelter living routines given in the second
section of this veport. The crop planting and harvest recovery for the
existing shelter case do not include the assuintion that other pcople
from lower contaminated areas would come in anl use the land. Such an
assumption, however, is implied for the good chelter case where evacuation
and area reentry were iavelved. With the good shelter, essentially a’l
of the crops could be planted on schedule after Lhe WM aitack. however,
with existing shelter (as defined), the fraction of accessible land drops
as low as 50 percent for some cvops. Improved estimates of the {irst
and other postattack crep contamination levels and production availabili-
ties would require a more detailed account of the fate of the manpower
by local area.

The lower limits of the crop contamination lfor consideration may be
made with reference to current contamination levels of Sr=90 in food
from worldwide fallout; Lhc'lattcr generally are In the range of 10G Lo
107 atomws/gm of foodstufl.”* Since the current levels would be additive
to those from any attack, new contributions of Sr=90 giving less than
106 atoms/gm of foodstuff are not considered (or Sr=9%0 and all other
radionuclides.

The root uptake process causes lavge changes in the relative abundanee
of the different fission-product nuclides in the various food crops.
Thus. while the calculated concentration of Sr-89 and Sr-90 is hipgher
in many of the crops I'rom the [irst planting atter atitack than it is for
the crop standing at the time of atiack. the concentration ol other
elements 1s much lower. The higher concentrations ol Sr-89 for Lhe
first postattack crop. relative to the foliar contamination o! the

11




Table

39

COUNTERATTACK:

WEAPON YIELD, ALTITUDE,

AND WEAPON NUMBER DISTRIBUTICN

Total yield: 9,829 MT

Time of counterattack =

Sr-39
Sr=-90
7r=-95
Ru-106
1=131
Cs-137
Ba-140
Ce-144

0

Fission yields of selected nucilides,
used in all worldwide falloul computations:

. 0281
. 0309
. 0552
.0452
.0310
. 0600
. 0551
. 0136

Figsion vield at 0.5 fission/total = 4,914 MT

Burst
Latitude o AMT__ M 20 MT
{(°N) Surface Alr Surface Air Surface Air
35-40 - 7 1 - 6 -
40-45 - 26 9 1 38 2
43=50 2 41 17 2 80 3
5055 4 59 26 3 130 8
85-030 S 50 35 4 130 1
60~-65 - 13 3 - 17 ~
65-70 - 8 1 - 18 -
7T0~73 - - - - 2 -
Total 15 204 92 10 441 14
Totnl weapons: 776

time of attack on United States

atoms/[lission,
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sranding crop. ovcur especiallv in sorghgn, dry Lean. ictluce, and orange.
Becausce of both the fractionation among the radionuclides in the first
crops grown after attack and the relative decay rates over lime. ne
direct comparison can be made, with respect lo Lhe relative severity of
conta1ilnation levels between the crops standing at the time of attack

and the first crop planted after attack, simply on the basis of the
reiative concentration of the nuclides in the two crops.

Imternal Contamination of Animals and Fowl

The estimates of the internal contamination of animal-derived foods
(meat. milk. and eggs) for humran consumption require prior specification
of animal diets. The assumed dicts fer dairy cattle, beel cattle. sheep,
swine, and poultiy arc given in Table 42 for ingestions starting at 1.
14, 183, 365, and 548 days after attack. The first three times are
associated with the ingestion of feoods with foliar contamination (rom
crops growing at the time of attack and of water contamination from
local fallout. The last two times arce associated with consumption of
foods from the [irst crop planted after attack thal are contaminated
throuzh root uptake {(including contribution from both local and world-
wide falloul contamination of agricultural land) and through foliar con=~
tamination from worldwide fallout that is deposited during the month
of harvest,

The computed zero~time concentrations for meat, milk. and eggs. from
animals and chickens that couasume foods with nuclide concentrations nct
exceeding those for 50 and 90 percent of the available food, are given
in Table 43. The concentrations were computed using the food consumption
rates given in Table 42, the 50 and 90 percent levels of contamination
for lhe various animal foods, and the C?f values given in Table 43.

The Ul values were calculated by summing the products of the consumption
rates and nuclide concentrations for the various foods in the assumed
diets,

The nuclide concentrations in milk from cows grazed in contaminated
astures were calculated sepavaiuly from curves relating Diy to U? versus
time for several ages at attack and the pasture contamination levels as
summarized in Table 4-l. The pasture concentrations are based on the
initial foliar coutamination for a given milk production rate for the
rumber of cows that survive after the attacks. In all known cases, the
limitation on milk production was due to the loss of the dairy herd
rather than to the exposure dose limitations for the dairymen; however.
no exposure routine diiferent from other farm operations was developed
for dairvmen. In future evaluations such as this, special routines
should be developed to reflect more accurately the range of animal
husbandry practices that could be followed under various attack situations.

n
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Table 12

ANIMAL DIET VERSUS TIME OF INGESTION
(Inteke In Grams per Day, Dry Welght Basis)

L
(&)

1 day 14 davs 1B3 davs 365 davs 548 days

Dairy Cattle

Pasturage 7.000 7.000 7,000 7,000 7.000
Hay - - 1,000 1.000 1,000
Grain - - 1.000 1,000 1,000
Water - - - - -

Beel Caltle

Pasturage 800 800 800 800 800
Corn - - 800 800 800
Clover (Hay) - - 6, 400 6,400 6. 400
Water 25,000 25,000 25,000 - -
Sheep
Corn - - 200 200 200
Oat - - 200 200 200
Sorghum - - 200 200 200
Pasturage 200 200 200 200 200
Clover (lay) - - 1,200 1,200 1,200
Water 4,000 41,000 4,000 ~ -
Swine
Corn - - 1,600 1,600 1,600
Sorghum - - 1,600 1,600 1,600
Svybean meal - - - 400 400
Alfalfa meal (Hav) - - - 400 400
Water - - = - -
Poultiry
Corn - - 36.8 36.8 36.8
Wheat {(Grain) - - 36.2 36,8 36.8
“oybean oil - - - 9.2 9.2
Alfalfa meal (Hay) - - - 9.2 9.2
Water - - - - -

a Dash indicates that uncontaminated (stored) food or clean weil water
was available
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Table 43

o
ESTIMATES OF RADIONUCLIDE CONCENTRATIONS, Cjg¢, IN MEAT, MILK, AND EGGS
RESULTING FROM CONSUMPTION OF DIETS WHOSE CONCENTRATIONS ARE NOT
EXCEEDED BY 50 AND 90 PERCENT OF THE AVAILABLE ANIMAL FOODS
AFTER THE HM ATTACK: EXISTING SHELTER

(Values of C: Are in Atoms per Gram)

f

Vavimum Comcentration tavel
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Fable

PERCENTAGE OF SURVIVING MILK PRODUCTION
. a
FROM PASTURE CONTAMINATED TO LESS THAN THE INDICATE G LEVELS

Initial Pas=ture
Contamination

Nuelide

to nastare enntamination by

local fallout

121

(atoms./gm) Sr-89  Sr~90  Ru~106 1-131 Ce=137  Ba-110
l_{z\! At Lwk
5+ 10 29,8 27.5 824 276 27.4 27,2
1~ 10 33.4  31.8  36.4 31.7  21.0 20,9
5+ 100 15.1  41.1 50.0 11.7 .5 10.5
i~ 10! 52.1  48.0  5K.7 8.5 17. 2 7.1
5+ 10" 75.0  70.1 81.6 70.9  67.8 68. 1
1 x 10! 87.8  82.7 947 83.2  80.2 80.0
5+ 10! 98,8  98.3  99.1 98.3  97.1 9.1
1~ 10t 99.2  99.0  99.8 99.0  98.9 99,0
5~ 10'? 100,0  100.0  100.0  100.0 100.0  100.0
MC Attack
5~ 108 62.4  59.5  64.8 59.6  59.9 59.1
1~ 10° 66.6  64.2  68.6 64.5  64.1 63.6
5 10° 77.5  75.6  82.1 76.1  75.0 75.0
1 - 10t 83.5 80.7  87.6 81.2  79.3 79.8
5 « 10!° 95.2  93.6  97.6 93.7  92.5 93.1
1 x 10!! 98.1  97.0  99.3 97.3  96.3 96.5
5 - 10*1 99.7 99.6  99.8 99.7  99.6 99.6
1~ 1012 99.9  99.8  99.9 99.8  99.7 99.7
5« 102 100.0  99.9 100.0 99.9  99.9 99.9
=10t 100.0  100.0 100.0  100.0 100.C  100.0
a Based on the number of dairy cows that survive; data apply only



External dhese Fifecte

raciatian trom fallent e

Crop damayge and joss due to external g
presented in Tables 15 and 26 fo the HM apd MO attacks, tespectively,
Tie infiuences of existing shelter (PF 10) and good =shelter (PF 1.0en)

for the Larmer have been calculated for eacth case.

In these tables. acres assexsed are the total acres normally devoled
amually to the specitic crop, In most cascs, this total s cqual to
the total U.3, acreage lor the crop. but in some cases, of which cabbage
is the worst, acre-counting ¢riteria in the original data compiiation
led to a total assessment of onl, 65 percent of the wctual crop. The
planted cotumn is the percentage (of the acres assessed) in the ground
at the time of the attack.

Acres designated as destroved are these for which the crop was killed
by the caternal gamaa radiation irom faltout. Crops killed aie counted
as unusable, although this mav nol alwavs be true. Havveslable acres
include those acres Lhat were planted. not destrovea. and that mav be
harvested at the scheduled normal time without oxceeding on evposure
dose of 200 rocntgen ERD(rax).  Plantable next=crop acres are those
acres rot exctiuded because of radiation levets and wovker doses (in the
case of trees. the percentage of the assessed nwmber surviving)., 1t
was assumed that 1 week each was reguired for planting and harvesting.
The dewgres ~8 - holter gretection available, which in Lhis study was
taken as PF - 10 or 1,000, affects the remaining dose allowable for
these activities; hence. the better the PF. the larger the number of
harvestable acres.

From Table 45, it can be seen that the ctrop on approximately 20 per-
cent of the acreage is killed outright, with the potate crop suffering
the greatest loss (27 percent). With existing shelter, about 50 percent
of all crops are harvestable, increasing to the 70 to 90 percent level
with good shelter. The harvested crops are contaminated so that final
usability depends on the availability of food in general and, for stocks
in excess of needs. on the huwan internal dose levels acceptable from
each lood sourcoe.

Az o the nexi crop, 1t 1s notable that with existing shelter onty
about 30 percent of Lhe acreage is plantable, whereas with good shelter
this value increases dramaticaltly to virtually 100 percent.

For* the HAM attack and existing shelter, it appears reasonable to
conclude that, with only about 50 percent of the crops recoverable, con-
sideration regarding its harvest rvelatjve to the need of the crop might
be made in terms ol both the consumption of {uels (notl considered here)
and lowered (or more restrictive) dose cirteria. The latter would imply
a lower degree of urgency in recovering the crop. Likewisce, the desira-
bilii: of planting the next scason's grain crop would probably be governed
largely by similar considerations., This preoblem. however. is closely
refated to other postattack piroblems that are sensitive to the time scale
of repairring the whole cconomy and building up capital gonds. Tt mav
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alaase Lo Lhe besl pelilc: e keep Uhe food] gt ag hijgi &2 [rresz izt =0

that the surviving work force ¢ould be maintained ton lonweyr ires 0

spite of other recovery fatlupes; the oxtra food couid =erve as oan asbdi-
tional (actor of safety Lo the overall recovers process.

For the HM attack and pgood ghelters for all the farmers, most of
the vrops standing during the attack are harvestable: hence, f external
parmgnad dose to workers is the only et ing factor, thoe pext opop .
dlmost 100 percent plantable.

For the MC attack., all damage 1s considerably lower.  The worst
direct kille are on wheat at 8 percent and sugar bects at 9 percent,
Existing shelter results in the same acres harvestable as good shelter
did with the HM altack==namely. 70 to 90 poerceni. With good shelter,
lhis acreage increases (o virianliv 100 percent of the plapled acreage.
Plantabiiity of the next crop 1s about 80 perveent with existing sheiter:
hence, 1t 15 algo virtunily 100 percent with good shelter. It would,
theretore. appear that the MC attack would cause no signlflicant damage
to agriculture even under exlsting shelter conditions., Some peneral
direct comparisons betweoh the two attacks and the two assumed shelter
conditiona are given. by crop. th Tabtes 47 and 48 for crap recovery and
capabiltty for pianting the first postattack crop.

it was bevond the scope of the curreant computational program to
apply many cf the shove teats in anv manner excepl on a go =~ 1o MO
basig: that s, no variations were possible on planting or harvesting
dates or on the possible usability of destroved crops. Additional fac-
tors of potential importance not included were reduction of yields due
to radiatton damage and cffects of the interruption of care normaily
requirad. Such as spraylag. lrrlgatlen, and cultivation. Algo. as proev-
fously mentioned. the effects of beta radiation were not considered.

The elfects of Lhe two assunmed attacks on the conifetrous and decld-
wous forest lands are shown in Figures 6 and 7. These maps show that
although some areas almost as large as the state of Tennessee may be
soverely danmaged to a dueglue that rapid natural recovery would not be
expocted, less than 10 percenl of the total U.S. forest area is affected.
That 13, for the apsmumed attacks, almest YU pervcent of the feorest would
be expected to have recovered to preatiack conditlon within 2 years,
and most of this forest land would not be visibly aflected.

llovever, as with agricultural crops, which cun survive higher accuiu-
lated doses than can humans, the reswaplion of normal human—forast rvela-
tionships over extensive areas will be governed by the tolerance of
people to existing dose rates.

The results of the computations of the farm snimals and poullry that
survive the two asswuned attacks are summarized in Table 49 by state,
civil defense repton, and nation. The tabulations show that from 45 to
83 percent of the nation's llvestock would survive the two postulated
nue lear attacks,  For the HM attack, the state totals ranged trom no
survivals in Delaware to 100 percent survival in Oregon.
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VESTARTIT M POR I O MO ATTA #5
S OF Y Of i, MM} ARL O AVATLALLY

Increase

[os PF Increase for
MM{fervnces Altack Dillercences
(1,000:10) (NC: DY)
Crop [1h) uc PE 10 PF 1,000
Corn (1 20 51 G
Sorghun J4 AH 10
Whent () 31 40 15
Gat 64 ; 13 3
Batley 6Y 24 iz
Bean, dry field 12 10 2 1o
Soybean 59 17 44 G
Alfalfa 70 24 10 2
Crover and Limothy 747 R 5 ]
Oat (Hay) 70 16 24 G
P'ainto 15 7 39 1i
Green pea 1R, 0 19 1
Bugnr beet K] 14 J1 L]
Tomiato 3?7 2 70 a7
Swaet corn 39 4 37 2
Snap bean 17 0 28 9
Cabbage a0 0 30 0
Onion 19 5 25 to
Carrot 0 1 0 -}
letture 0 0 [§) 6
Apple 34 3 42 9
Pepch 2 13 11 24
Orange 46 0 72 15




ey s
e TR S T

FEACENT O INUKREASE Iy NERT CROP PEANTARLLLYY FOMC M 0 Wi ATTATUS
WHEN it PEsRs WITH A PF O 10 OR 1 ooo ARE AV ATLANLY

Increase

f o Tnervease oy
PE 1,000 Lﬂﬁl‘ﬁ;t"" At .‘__'.:
Crop lJ_!l \lL PEF=10  PF ) """1
arg 8T 20 a4 H
Songhen 57 39 a0 16
Wheal 944 44 a7 |
Oat 75 25 10 0
Barlev 0O 54 o6 H
Bean, dey {iesd a7 2 34 i)
Saovhean Bl in O3 ®
Altalfa 71 25 d0 ]
Clover and (1mothy 78 1v a3 2
Oat {(Hay) a3l 49 LE i
Potato h 33 32 0
Green pea 19 Q1 149 0
Sugar beet 6-1 25 a1 0
Tomato 52 A RD! 0
Sweet corn 41 3 39 1
Snap bean 26 1 27 2
Cabbage 23 2 24 3
Onton 22 5 16 0
Carrot 16 1 15 0
Lettuce 43 1 41 0
Apple 17 6 34 0
Peach 56 14 KT 0
Orange 72 0 72 0
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FARM ANIMALS AND POULTRY SURVIVING NUCLEAR ATTACK
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Surviving livestock will require carce and leeding, cven during the
first 7 days after the nuclear attack, when the dose that determines
their eventual survival or death 1is being accumulated. Since the Lnsnfxo
for animals is ol the same order of magnitude as that for humans, who
must care for them, all livestock that will cventually survive. as well
a8 some that may die in 30 davs, could be taken care of il the [armer
has adequate shelter for himself. This assumes thalt Che exposure dose
to the human is maintaired within required LERD levels (discussed else-
where) by his remainling in shelter, with limited daily work pertods
(2 hours twice a day) in radiation fields Lo perform the necessarvy
chores,

The lethal dose to pasture land (7,500 roentgens) is so much larger
than the lethal dose to animals (~ 600 roentgens) that surviviang animals
would be able to graze in the normal preattack manner.

A summary of the estimated available postattack agricultural crop,
animal, and poultry production per capita for the HM and MC attacks,
for existing and good shelters, is given in Table 50. The per capita
production was computed from the ratio of the agricultural products
available after attack (including the harvest of the crops planted at
the time of attack) to the swrvivors, divided by the ratio of the cur-
rent agricultural products available to the population. The existing
shelter for both the farmer and the urban population has been defined
previously. The temm "good shelter"” is defined as 100 psi blast shelters
for urban areas and fallout shelters with PF values of 1,000 for the
farmers,

The values of the per capita production potential in excess of 100
percent, for the existing shelter cases, ure indications of the general
difference in the relative survival rates of the farmers to those of
the urban population for the assumed attacks. The relative survival
rate for the farmer over the urban population is actually greater than
any of the indicated ratios, because the crop availability was associated
with a 200 roentgen ERD exposure. The lowest values of the per capita
production potential arc for the exposed animals; for these. the poten=-
tial is reduced to about 50 percent for the good shelter condition for
the HM attack.

Absorbed Dose in Humans

In order to be able to use the equations and procedures presented
In the second section of this report, it is necessary to specify the
hwsan daily intake rate, U?. for each nuclide, i, that is under consid-
eration. For this, it is, in turn, necessary to know the composition of
the human diet in terms of the daily intake rate, Ve, of each food, f,
and also the concentrations, Cif’ of each of the nuclides for which
absorbed dose estimates were available in each of these foods. Then
the following equation can be used:
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Table 50

POSTATTACK PRODUCTION POTENTIAL PLER CAPITA
(Vatues in Percent of Normal)

HM Attack MC Attack
Existing Good Existing Good
Crop Shelter  Shelter  Shelter  Shelter _

Corn 92 92 92 97 ’
Sorghum 140 95 93 100
Wheat 88 84 80 92
Oat 102 99 92 99
Barley 88 88 72 95
Bean, dry fleld 112 102 112 101
Soybean 130 98 101 97
Al falfa 99 101 94 100
Hay 98 100 93 100
Fotato 99 76 86 82
Green pea 146 104 114 101
Sugar becet 100 87 90 92
Tonato 131 85 109 98
Sweet corn 127 102 108 100
Snap bean 159 101 114 101
Cabbage 164 104 114 101
Onion 144 97 108 98
Carrot 171 104 105 101
Let tuce 171 102 114 101
Apple 117 93 106 97
Peach 112 84 111 99
Orange 126 88 114 101
Bull, steer, and calf 85 51 83 74
Milk cow 94 56 93 83
Swine 78 47 85 76
Sheep 108 66 i 81
Chicken 101 60 94 B4
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= Yy c. (65)
1 [__r f lf

The composition of the adult hunman diel used in the dose calculalions
is shown in Tabte 51. This diet has been obtained [vrom the dala in the
sccond sectlion of Lhis report. which lists the normal diet for 1955,

The original data are modified to include the fact that much of the diet
during the first few weeks or even months after attack would he abtained
from preexisting uncontaminated food sources and hence would not contri-
bute to the sum of LEquation 65. Except for minor details and substitu-
tions, the diet of Table 51 is not very different from the U.S. Department
of Agriculture emergency diet."”™

In the present calculations, with the attack in June, only the local
falloul {olliar contamination was used Tor the food ingested within the
first 9 months of the time of attack. All ingestion times of over 1 vear
after attack, on the other hand, were treated by using a combination of
uptake routes: (1) by food crops whose edible aboveground parts ave
contaminated through root uptake of nuciides [rom both local and world-
wide fallout during the month of harvest; (2) by food crops whose edible
parts are contaminated through root uptake of nuclides from both local
and worldwide fallout deposited up to planting time; and (3} by animat-
derived foods from animal ingestions from the first two sources, The
crop sources for the longer ingestion times are those from the first
crop planted after attack., This treatment parallels that for the inter-
nael contamination of the animal~derived foods discussed above,

To illustrate the magnitude of the absorbed doses to humans [rom
consumption of the contaminated food sources, the C;jp values for Equation 65
were selected from the national sumnaries of the contamination of all
food crops (and water) using the previously discussed concentrations that
do not exceed 50 and 90 percent of the avallable crop food of each kind.
While this procedure in no way connectis the food source with a given sur-
viving consumer in a given locality, it assimes some distribution of the
foods so that, over the whole population, a large traction could receive
the absorbed doses represented by the computed median dose and Lhal prob-
ably less than 10 percent of the population would receive the absorbed
dose represented by the computed 90 percentile dose,.

After the intake rates U, had been calculated for each of the nu-
clides in each of the postulated situations, the absorbed docse model was
utilized in the form shown in the second section o this repsrt. For foods
whose initial origin was pasturage (i.e,, beef, wmatton, and nilk) a modified
model (see Reference 38) was used in the local fallout situations in order
to avoid overestimates of dose, For all other foods, however, the unmod-
ified absorbed dose model is sufficient, because loss of contamination is
taken into account in the fac'ors shown in Table 28, The body organs
chosen as being critical are the total body, the lower large intestine,
the bone, and the thyroid. In each case, only those of the si1x nuclides




Table 51

HUMAN DIET VERSUS TIME OF INGESTION
(Grams per Day)

ok ey

L
0
1 day 14 davs 183 dovs 365 days 548 davs
Milk preducts -7 633 ol 033 (H]
Mecat . poultry.
N and fish 2
z Beef - - 81 81 81
Pork - - 74 74 74
_ Mutton - - 6 6 6
i Poultry - - 16 10 16
Egg ~- - 55 55 55
Flour and a
cereals (whea®) - - -t 222 222
Vegetables b R b
Tomato - - 43(2) 43(2) 43(2)
Swaot corn - - 42(10) 42(10) 42(10)
Bean - - 34(27) 34(27) 34(27)
lettuce - - 23(0.9) 23(0.9) 23(0.9)
Cabbage - - 19(1.2) 19(1.2) 18(1.2)
Pea - - 15(3.4) 15(3.4) 15(3.4)
Ounion - - 15(1.7) 15(1.7) 15(1.7)
Carrot - - 13(1.3) 13(1.3) 13(1.3)
0ils
Sovbean - - - 52 32
Others - - - 8 8
Sugar
Sugarbeet - - - 81 81
Fruits
Orange - - 64(8) 64(8) 64(8)
Apple - - 29(4) 29(41) 29(1)
Peach - - 14¢1) 14(1) 14C¢1)
Potato - - 117(27) 117(27) 117(27)
Water 1,000 1,000 1,000 1,000 1,000

a Dash indicates uncontaminated food scurces
b Values in parentheses indicate dry weight
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thal were expecled to glve large coiatributions to the adsorbed dose to
the orguan wete included in the computation. Alter the dose contributed
by ench nuclide was computed., the total absorbed dose was estimated by
sumiing the individunl nuclide contributions. The major factotrs con-
sidered in the calculation fncluded: (1) the time at which ingestion of
a contaminated food beging; (2) the period of ingestion of that {uud,

and (3) the percentile contamination-level of the diet (i.e.. the nuclide
cobhcentration ot the food items In the diet. including water).

To facilitate the absorbed dose calculations, a table of absorbed
dose mustiplieis, uik/UT. 1t rems POr atons ingestod per day. wias pre-
pared for each radionuclide and body organ ot interest and for each
selected ingestion starting time avd ingestion perfod. The computed
values of the multipliers for the several nuclides are given in Table 52.
The absorbed dosc calculations for the sclected organs and radionuclides
ore summarized in Table 53 for existing shelter and in Table 534 for good
shelter, both for the HM attnack.

At both the 50 and 90 percentile contamination levels of the foed
items in the diet, the calculated absorbed doscs for the good shelter
case are from 2 to 10 times larger than those for the existing shelter.
reflectinrg the relative capability to harvest and plant craps in areas
of heavy falloul. The absorbed doses for the ingestions starting at
1 day are only from water sources: those starting at 14 days are from
both water and milk consumption, *The largest doses from these sources
are from I=131 for the thyroid gland, The calculated absorbed doses in
all organs from -he crops planted alter the attack are less than those
received from consumption of the standing crops directly contaminated
during the attack.

The calculated doses for the lower large intestine are probably
underestimates of the dose for that organ, especially for the 14 and 183
ingestion starting times, because the contributions of many insoluble-
type radionuclides are not included. Likely food sources for the con-
tribution of these elements would be green vegetables, such as lettuce.

As previously wentioned; no detalled procedures were nvailable for
estimating a reasonable mixtwe of contaminated foods for any group ol
people at any given time after attack, Thevefore estimates of the ab-
sorbed dose for a continuous long-term pattern of food ingestion were
not attempted in this study: suitable methods for estimating the time-
delays for processing and distribution of the various food items in the
postattack period could not be developed within the time period of the
study,

The rclationships among the total absovbed dose, the time over which
it is rcceived, and the biological effect produced (especially il the
external dose is also considered!) are not well understood. llowever, it
is safe to say that the computed doses for Lhe median contaminacvion
levels of tood for both shelter cases and the HM attack would produce no
noticeable biological effects on adult humans. Also, il is unlikely
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Fable 53
ANGORBED DOSE" 10 ADULT HUMANS
FROM FOOD CONTAMINATED HY THL HM ATTACK: FYISTING HIVLTih
t
[ ‘.‘ (Rl
o 7 (davs)
(dass) ! e 1483 J6h KRL
At meXtmum collcehtra® ton levels
r 000 b avatisbia Cevinafe
Lower Larpge Intestine
29 hnd 0, b8 0. 0582 0. 029 0.021
90 - 0, ORY 0.15 0. 0”4 0,061
Total Boady
29 - .035 0.023 0. 001 G, 001
90 - 0,076 0,20 0.013 0,012
Hone
29 - 0.07-4 0.031 0.010 0,007
90 - Q0. 20 0.28 0,076 0,062
Thyrold
29 - 14 - - -
90 - 51 - - -
AL maximun concentration level
for 0.9 of avatlable foods
Lower Large Intesatine
20 6.3 5.2 3.2 0,25 0.17
an 11.7 9.9 9.3 Q.70 0,50
Total Body
29 0.37 0,64 0.29 0.024 0,020
20 g.81 1.5 2.3 0.19 0,18
Dane
29 1.7 2.1 0.70 0.12 0.089
90 6.9 8.1 5.1 0.88 0.72
Thyroid
29 150 770 - - -
90 ol0 950 - - -
a In rem
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Table 54

ABSORBED DOSE® TO ADULT HUMANS
FROM FOOD CONTAMINATED BY THME IM ATTACK: GOOD SHELTER

t

t-t o
o (days)
H (days) 1 14 183 365 548
At maximum concentration levels
- for 0.5 of available fcods
- Lower large Intestine
- 29 - 0.68 0.22 0,078 0,057
© 90 - 0.89 0.66 0.22 0.17
Total Body
29 - 0.35 0.22 0.007 0. 006
920 - 0.76 1.8 0.055 0,042
Bone
- 29 - 0.74 0.29 0.039 0,031
) 90 - 2.0 2.5 0,30 0.25
Thyroid
29 - 440 - - -
20 - 540 - - -
At maximum concentration level
for 0.9 of available foods
Lower Large Intest 1e
29 6.3 13.7 10 .88 0.66
80 11,7 21.0 30 2.6 2.0
Total Body
29 0.37 5.1 2.7 0.069 0.061
30 0.81 11.¢ 22.0 0.57 0,52
Bone
29 1.7 11 4,2 0.50 0.41
90 6.9 33 34.0 3.9 3.3
Thyroid
29 450 6,400 - - -
90 610 7.700 - - -
¢ a In rem
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that any serious effects would result from the indicated doses at the
90 percent level. Although the calculations do not extend for long-
period ingestions, the 90-day period is sufficiently long for achieving
the infinity dose from I-131 to the thyroid (mainly from consumption of
water and milk). On the other hand, the calculations cover too short a
time period to assess longer—term effects from continued ingestion of
Sr=90 and Cs=-137, -

The absorbed doses from I-131 Lo thyroids of young children at the
90 percent level for the existing shelter case, assuming aboul half the
average ingestion rate of adults, would be from 3,000 to 5,000 rems for
ingestions starting between 1 and 14 days after attack. TFor the good
shrlter case, the higher thyroid dose would be about 40,000 rems; this
dose would be expected to be sufficient to result in serious early
effects in the glands of infants. While the exact circumstances wunder f
which the doses for the 90 percentile contamination level could occur
are not developed in the cwrrent model, the indicated doses must still
be considered as possible, with a low occurrence frequency. At least
for growing children, it would appear that some minor 1late effects from
the absorbed dose in the thyroid, and possibly in the bone, would be
cvidenced at the 90 percent contamination level.

During this study, the described radiobiological model was developed
and utilized for n~king the above summarized estimates for the first
time., Both the development and the utilization of the model during the
study provided useful guides in focusing attention on specific aspects
of biological processes and on the many interrelations that require
attention in order for a quantity such as the absorbed dose to a single
human thyroid after a nuclear war to be estimated. Some of the major
factors that could not be evaluated with present methods include: (1) the
time or times at which ingestion of contaminated foods could start for a
given group ol people as a function of the postattack environment or
location of the group and as a function of the damage (and recovery) of
the processing industries and transportation systems: (2) the range of
time periods over which the contaminated foods would be ingestzsd: and
(3) the range of nuclide concentrations in the various food items that
could be consumed by any local group of people.




SUMMARY OF B1OLOGICAL AND ECOLOGICAL EFFECTS

General

The analysis and evaluation of the effects of nuclear war on biologi-
cal species and on their ecological systems depend on the availability
and organization of a great variety of data. background information, and
related concepts. These range from input infomation on weapon explosion
phenomena and the initial interaction of these phenomena with biological
species, to information about the community behavior, the reproductive
habits and cycles, and the recovery mechanisms of ecosystems.

Fallout Deposition Models

No fallout model exists that will reliably predict all radiological
hazards at a given geographical location, not to mention the combined
exposure doses from beta and gamma radiation on plants, animals, insects,
and humans. For example, of the several fallout models considered, the
total area within the 100 r/hr at 1 hr contour varies by as much as a
factor of 4. The simple fallout pattern scaling system developed by
Miller? was used in this study because it was derived directly from
selective analyvses of evaluated weapons test data and because the output
information from the model is applicable to evaluations of both the
external gamma hazard and the internal hazard from radionuclide ingestion.

Some of the major unresolved problems include (1) definition of the
fallout formation process (including fractionation and solubility),
(2) radiological and physical properties of fallout from detonations on
likely target enviroments, (3) meteorological prediction techniques,
(4) foliar and plant-part contamination variables, (5) effect of local
enviromments on deposition patterns and radiation fields, (6) beta radi-
ation levels in selected contamination enviromments, and (7) influence
of weather and enviromment on radiation fields, contamination ol objects,
and nuclide transfer processes.

One of the most important areas of future research for improving the
fallout distribution models is continuation of studies that emphasize
the specification of the particle source geometry during the period of
fallout particle formation, as previously discussed. CJlontinued research
is needed on further development of predictive methods for weather data
inputs to the models. Also, additional studies are needed on the appro-
priate operational use of early monitoring data by civil defense command
and control centers and by damage assessment centers for evaluating the
radiological hazard and for initiating transattack and postattack counter-
measures. Because of the unreliiability of prediction methods., it appears
that these types of civil defense operations must be planned and scheduled
on the basis of observed information.
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Radiation Damage Criteria

The biological response, either to acute gamma radiation doses or
to chronic doses (or both), is known for a few species., mainly the impor-
tant higher vertebrate domestic animals. Howe::r, most of the information
is for specific types of radiation source encrgies and exposure geometries
that are not particularly representative of the conditions for exposures
to radiation from fallout. The biological response of all species to the
pattern of exposure in nuclear war radiation enviromments, such as a de-
caving source strength, intermittent exposures for different time periods.
and the rate of exposure dose received, are not known. quantitatively;
lack of information in this area is a major weakaess in the currvent state-
of -knowledge of biological effects from radiation exposure.

The mechanisms of biological recovery from radiation damage also arve
not known. But the principle of biological recovery from all types of
injury is a Timmly establisihed concept for individual species as well as
for ecosystems, The accepted description of the effects of acute gamma
radiation doses on man have been deduced from scattered information,
allowing for liberal use of technical judgment in lieu of factual infor-
mation from carefully designed experimental investigations. Nevertheless,
the recognition that a set of effects information must exist to establish
damage criteria can be used to organize anhd categorize such information
in terms of (1) the degree of injury from which recovery would be practi-~
cally certain, (2) the degree of injury from which recovery would be
practically impossible, and (3) the degree of injury from which recovery
is uncertain, depending on small differences in the degree of injury, the
state-of-health of the organism at the time, the amount of treatment
available, and cther factors.

For most species and ecosystems, because of many uncertainties in
the application of the available data and incomplete coverage of the
data, it is not yvet possible to establish boundary conditions for injury
catepgories., For the cases where the degree of injury can be categorized,
damage assessment studies would require detazils gbout the thivd injury
category given above. Information about the details of this injury cate~
gory is least known for all species.

The use of damage criteria in civil defense system desigh can be
shown to be associated with the deflinition of the first injury category
(e.g., the degree of injury from which recovery would be practically
certain). While this use is undoubtedly recognized and applied in the
current civil defense programs, it is also apparent that the application
more often has been in the form of misuse because the emphasis in the
application has been on only one component of the system (i.e., shelter).

Some of the major unresolved problems inciude (1) radiobiological
response of important species of the biota (at various stages in their
respective reproductive cvcle) to doses from exposure to gamma radiation
from deposited fallout in terms of the enersv spectrum, source geometry,
and exposure chronologyv, (2) radiological response of selected specices




of animals, plants, and insects to beta radiation [rom lallout, and
(3) injury recovery mechanisms and dependent variasbles.

Second=Order Effects

The second=order effects, such as the movement of scluble radio-
nuclides within the biosphere, the response of species to a combination
ol nonlethal doses of radiation, or the erosion of land areas denuded by
high radiation doses or fire, depend on many interrelated (and independent)
variables and are poorly known. One main cause of existing controversies
regarding the importance of the second-order biological effects stems from
poor definition of the primary effects; another appeurs to arise from dif-=
ferences in interpretation of the efficiency of repair and recovery mech-
anisms of ccosystems.

Two major factors in the repair and recovery of biological communities
appear to be Important. The first is the time poeriod over which the in-
jury is sustained. The second 1s that the ratc of the repair and recovery
process, after injury. is usually slow, depending on the severity of the
injury.

Planl specles tend to dominate all important terrestrial ecosystems,
and, since plants grow on nutrients in soils, the most serious type of
injury to these ecosystems is one that leads to removal of the soil it=-
self by erosion,

In the scale of injury that could result in a nuclear war, the cycling

of radionuclides into the food chain of the higher animals appears to be

a minor hazard, In the long term, it could be a general public health
problem. Although the currently available plant and animal uptake data
are incomplete and of rather poor quality, and occasionally are reported
in nonuseful units of measure, the conclusion that the scale of injury
from internal contamination would be low is generally supported by these
data.

The second=order effects from a fractionation of the degree of injury
within the species of an ecosystem have not yet heen thoroughly treated:
the insect problem, secondary fires, lnvacion by weeds, and similar prob-
lems are of this class of second-order effects. Much applicable data are
known to exist, The compilation, organization, and analysis of ihese
data are needed belore second-order effects can be assessed.

At this time, all second-order effects from a nuclear attack appear
to be unresolved. Some of the maior cnes are (1) damage leading to ero-
sion and floods, (2) role of insects in ecosystem recovery processes,

(3) ecological repair and recovery rates and dependent variables.
(1) energy and matter flow in food chains, and (5) combined injury {(long-
term low-level) response of species.
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Countermeasures

Man is a dominant factor in large segments of temporal ecosystems.
While it is possible (o enumerate the types of countermeasures and con-
trol that man could employ to aid in the recovery of tie nation (includ~
ing all types of contiguous ecosystems) after damage from a nuclear
attack, 1t is not yet possible to establish the cost of preparations re=-
quired to accomplish a desired level of recovery. the real need of Lhe
measures, or the capability of survivors to carry out any and all such
conceived countemeaswres. A better understanding of the unature and
degree of the second-order effects is required before proposed counter-
measures can be evaluated, At the present time, protective counter-
measures agalinst the immedinte effects are more impcrtant.

Attock Analysis Findings

The following specific conclusions were rvached with respect to the
model computations carried out on the IM and MC attacks during the study:

1. The nationwide recovery of the production potential of agricul-
ture would be readily achieved, in spite of the radiological
effects of the attack, if the farmers have, and utilize, pro=-
tective shelters with a shielding PF of at least 10, The com=~
puted per capita production potential of most crops for the
crop in the ground at the time of attack was approximately
unity for both the case of existing shelter (PF = 10) and the
case of good shelter (PF = 1,000 for favmers and 100 psi blast
shelters for urban population). However, [or the good shelter
case under the HM attack, the livestock availability is reduced
to one=half of the preattack per capita level because of the
larger survival rate of the human population in the clities.

The effect of other factors, such as the availability of power
and fuel, onh the recovery of agriculture was not considered in
this part of the studv.

2, The consumption of foods and water contaminated by both local
and worldwide Tallout, without any special decontamination
methods., would not produce absorbed doses to adult humans that
would result in significant early or late biological effects.
The same conclusion is applicable for infants that ingest [oods
contamianated to lavels equivalent to those computed for the
national median level., For foods contaminated to levels cquiva=
lent to those computed for the national 90 percentile level,
some long-term effects to "“fan's., from continuous ingestion,
would be expected. The important sources of these cffects are
the assimilation of T-131 in the thyroid from early ingestion
of water and milk and the concentration of Sr~89 and Sr=90 in
the bone.
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All crops contaminated to levels loss than the Y0 percentile
level (national summary) of the harvestable crops would be
edibte, for both the existing shelter case and the good ashelter
case and for both attacks. The highest cnlculated absorbed
dose to bhody organs from ingestion of contaminated lood and
water resulted from the deposlition of small fallout particles
on the aboveground plant parts and in exposed water sources,
The absorbed doses from consumption of foods obtained from

the first postattack crop (where the edible plant parts werc
coutaminated through root uptake and folier contamination from
worldwide fallout) were less than those from consumption of
the contamination on the crops in the ground at the time of
attack.

No decontamination of agricultural land would be needed. and
no gquzvrantine of agricultural land becuuse of contmmination by
S1r=90 and Cs=137 18 required. Green lealy crops (and others)
that are contaminated to levels in excess of the contamination
level for 0.9 of the crop could be fed to animals.

About 10 percent of the forest land (coniferous and deciduous)
area would recelve sufficiently high radiation doses so that
recovery to preattack conditions within about 2 years is gues-
tionable. In a smaller fraction of the forest land area. all
vegetation would be killed. About the same fractional areas
were involved in both assumed attacks.

In the HM attack, the crops in 11 percent of the planted crop
land (all types) were destroyed (i.e., about 2 percent of the
area of the country); in the MC attack, the crops in about 3
percent of the planted crop land (all types) were destroyed.
These estimates are probably somewhat low because the computa=
tions were presumably based on the response of mature plants
(data onh the variation of the response with plant age being
nonexistent) and because beta dose responses were not considered
{ho model and no respouse data being avaliablie). In addition,
some of the available dose=rosponse date are questionable.
Therefore the estimated fractions of crops destroved indicate
only the likely magnitude of the damage., No radiological or
ecological problems, except ftor delaved reentry because of dose
limitations to the farmer, would be expected in the planting

of the first crop after the attacks,

A large fractiun of the population has well=-water sources avail=
able to them: these sources are not expected to be contaminated
during an attack. (However, the availability of the water would
depend on the availability of power for pumping.) The consump-
tion of contaminated water from exposed sources in the early
postattack period, neglecting natural and normal water treatment
decontamination processes, would hot be expected Lo produce
serious somatic effects at the 90 percentile (nationwide) water
source contamination level.
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Within the reliabllity of current information on the bilological res-
ponse of species Lo radiatloh exposures. the above results of the study
lead to the concluslien that loug-torm blologlical and ecologlcal effects
wotld not be sc severe as to inhibit or scriously delay the pational re-
covery after a nuclear attack similar to one of those assumed in the
study. HRathes, the major problems of population and biological resource
survival are concluded as being associated with the short-term biological
effects that would result from the exposure of all biological species to
gamna radiation from fRilout. The aulleviation of these offects thus
canters on the availability of shelter for the protection of the popula-
tion and a local capability for organized eftforts to recover food and
water and other survival resources that would be required to maintain
the health of the survivors as a coherent work force in the early post-
attack poriod. This is the time period after attack when the need for
knowludgeable leadership would be critical and when errors in recupera-
tive actions would be most likelv to lead to secondary fatalities,

The effects of radiation from fallout in some areas of the country
could result in fatal doses to all higher forms of 1ife in exposed con-
ditions, It is likely that a small fraction of the total land area »f
the country would be denuded of vegetation for a short period of time.
However, the location and extent of these areas, with respect to other
aspects of resource damage and economic recovery problems, are such that
the ccolegical consequences of the biological damage in these areas
could have little or no influence on natien?! rocovery, Essentially all
of the economically important agricultural land is recoverable within
the first year after attack. even for the case of existing shelters.
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TITLE: Introduction to Long=Term Biological Effects of Nuclear War
By: Carl F. Miller and Philip O. LaRiviere

SUMMARY:

This report summarizes the state of knowledge and concepts about the reaction
of biological systems to effects of nuclear weapons under nuclear war conditions,
about the likely extent of damage to agricultural and wildlife ecosystems under nu~
cleor war conditions, and about the factors involved in the long-term recovery po=
tential of these systems after damage. In the study, an attempt was made to organize
the availoble information for cbjective discussion of the subject, to outline the state
of the art regarding capabilities to use the information (as well as its availability),
and to make estimaies of radiological effects using the available data and available
(or new) computational methods.

Within the reliability of the current information on the biological response
of biological species to radiation exposures, the results of the study lead to the con=
clusion that long-term biological and ecological effects would not be so severe as
to inhibit or seriously delay the national recovery after a nuclear attack similar to
one of those assumed in the study. Rather, the major problems of population and
biologlcal resource survival are concluded as being associated with the short-term
biological effects that would result from the exposure of all biological species to
gamma radiation from fallout. The alleviation of these effects thus centers on the
availability of shelter for the protection of the population and a local capability for
orgunized efforts to recover food and water and other such resources that would be
required to maintain the health of the survivors as a coherent work force in the early
postattack period. This is the time peried ufter attack when the need for knowledge=
able leadership would be critical and when errors in recuperative actions would be
the most likely to lead to secondary fatalities.

For several assumed types of nuclear attack, the effects of the radiation from
tallout in some areas of the country could result in fatal doses to all higher forms of
life in exposed conditions, A few percent of the total land area of the country would
likely be denuded of vegetation for a short period of time. However, the location
and extent of these areas, with respect to other aspects of resource damage and eco-
nomic recovery problems, are such that the ecological consequences of the biolog~
ical damage in these areas could have little or no influence on national recovery.
Essentially all of the economically important agricultural land is recoverable within
the first year after attack for the case in which the existing shelter system is used.
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